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Description 

[0001] The principal objects of the present invention are : 

5 - novel organoseienium compounds : aromatic diselenides and selenosulphides; 
the use of said novel compounds as antioxidant ; 
pharmaceutical compositions containing them ; 
a method of preparation of said novel compounds. 

10 STATE OF THE PRIOR ART: 

[0002] In aerobic organisms, during the metabolism of oxygen, very reactive entities are generated whose accumu- 
lation causes deleterious effects. These organisms possess a system of regulation, composed of enzymes and small 
molecules which enable controlling the production of these reactive oxygen entities. Amongst the various components 
is of this reguiation system, often called Antioxidant Defence System, glutathione peroxidases play a central role in the 
prevention of «oxidative stress » and its deleterious consequences. These antioxidant and cytoprotecting enzymes 
enable degrading the endogenous or exogenous cytotoxic hydroperoxides. 

[0003] These enzymes catalyse the reduction of hydrogen peroxide (reaction 1) or that of organic hydroperoxides 
( reaction 2) by reduced glutathione (GSH): 

20 

reaction 1 : 
H 2 0 2 + 2GSH -> 2H z O + GSSG 

25 

reaction 2 : 
ROOH + 2GSH ROH + H z O + GSSG 

30 

[0004] The active sites of these enzymes ail contain one essential selenium atom in the form of a selenocysteine 
residue incorporated in the polypeptide chain. 

[0005] The selenium is incorporated from selenite salts, or seienate salts, or L-seleno-methionine salts arising from 
food ( see C.K. Chow and J. Jeng; in Selenium in Medicine and Biology, M.D. Spallholz and H.E. Ganther Eds.; (1986); 

35 Academic Press). In situations of selenium deficiency in the diet, the concentrations and activities of these glutathione 
peroxidases gradually decrease (see Y.X. Wang and J. Kiem.; Biological Trace Elements Res.; (1988); 15; 89 and see 
R. Reiter and A.Wendel; Biochem.Pharmacol.; (1983); 32; 3063-3067); this leads to an acute susceptibility to the 
oxidative stress (see D.B.Coursin and H.P.Cihla, Thorax, (1996), 51. 479-483). The provision of selenium in the diet 
is therefore a limiting factor in the biosynthesis of glutathione peroxidases. 

40 [0006] The protecting role of glutathione peroxidases, in situations wherein the production of hydroperoxides rises, 
has been demonstrated following experiments of direct intracellular micro-injection of the enzyme of erythrocyte origin 
which have enabled demonstrating its cytoprotective effect upon the viability of fibroblasts or endothelial cells exposed 
to an oxidative stress (see C. Michiels ef a/.; Experiment. Cell Res.; (1988); 179; 581-589). On the other hand, it has 
been bj-iow; .. u .ui tho surv ival of human fibroblasts is appreciably lowered when glutathione peroxidase is Inhibited (see 

4S C. Michiels ef a/., J.Eur.Biochem;,' 1 988,1 //," 435^441). ' 

[0007] Furthermore, the glutathione peroxidases are themselves particularly sensitive to an over-production of hy- 
droperoxides and are rapidly inhibited under these conditions (see H. Ochl ef at., Arch.of Biochem.Biophys., (1992), 
294,2,407-411). 

[0008] A certain number of pathologies such as certain ischaemic cardiomyopathies for example (see J.Chaudiere, 
so in BiologiedeslipideschezrHomme, L.Doustes-Blazyand F.Mendy eds, Edition Medicale Internationale -Paris, (1988), 
137-154 and see D. Vitoux ef a/.; Ann.Biol.Clin.: (1996); 54; 5; 181-187) are associated with a lowering of glutathione 
peroxidase activity. 

[0009] The demonstration of the essential role of the selenium at the active centre of these ubiquitous enzymes (see 
J.T.Rotruck, in Selenium in Biology and Medicine, Spallhoiz, J.E. Martin, J.L Ganther H.I. eds., Avi Publishing Co, 
55 Wesport, (1981), 10-16) as well as the importance of the selenium in the regulation of oxidative damages generated 
during certain pathologies (see Cadenas, E. and Sies, H., Adv.Enz. Regul., (1985), 23, 217-237 and see Ursini, R, 
Bindoli, A., Chem. Phys. Lipids, (1987), 44, 255-276) has enabled the emergence of a novel class of organoseienium 
compounds as potential drugs. 



2 



EP 0 850 924 B1 



10 



55 



[001 0] Two types of compounds have been designed and prepared to this end. 

[O011] On one side, modified macromolecules possessing a selenium atom introduced chemically such as seleno- 
subtilisin (see Z.P.Wu and D.Hilvert, J.Am.Chem.Soc.. (1990), 112, 5647-5648) or even a seleno-abzyme (see G.M. 
Luo et a/., Biochem.Biophys.Res.Comm., 1994, 198, 3, 1240-1247). However, the use of proteins with a therapeutic 
aim is difficult to envisage for the following reasons: 

* their biostability is often insufficient; 

* an efficient method for ensuring their infra-cellular targeting does not exist; 

* they cannot be administered orally. 



[0012] On the other side, synthetic molecules of low molecular weight have been synthetized, of which 2-phenyi- 
t,2-benzisoselenazolin-3-one (ebseien) (see H.Sies, Free Rad.Bioi.Med., (1993), 14, 313-323) was the first compound 
described as having a glutathione peroxidase activity. Homologs of said ebseien, i.e. 2H-3,4-dihydro-1 ,2-benzoselena- 
zin-3-ones, have also been described by Pierre V. Jacquemin er at. in Tetrahedron Letters. (1992), Vol. 33, No. 27, 

15 3863-3866. In fact, several organoselenium derivatives have been described as glutathione peroxidase mimics, i. e. 
capable of reducing hydroperoxides in the presence of a biological thiol such as glutathione or lipoic acid (see l-A. 
Cotgreave era/., Biochem.Pharmacoi., (1992), 43, 793-802 and C.M.Andersson et aL, Free Rad.Biol.Med., (1994), 
16, 17-28 and S.R.Wilson ef a/.,. J.Am.Chem.Soc. (1989), 111, 5936-5939 and V.Galet et a/., J.Med.Chem., (1994), 
37, 2903-2911). The patent application WO-A-95/27706 describes compounds of benzisoselenazoline and benzisose- 

20 lenazine structure having a glutathione peroxidase activity interalia. US patents 5,128,365 and 5,321,138 themselves 
describe organic diselenides having glutathione peroxidase activity. 

[001 3] These organoselenium compounds, which are mimics of glutathione peroxidase, invariably produce catalytic 
intermediates of the selenol and/or diselenide type. 

[0014] Amongst these, 2-phenyl-1 ,2-benzisoselenazolin-3-one (ebseien) and some of its derivatives do not seem to 
25 have any major toxic effect (see A. Wendel et aL; Biochem. Pharmacol.; (1984); 33; 3241-3245 and S.D. Mercuric and 
G.F. Combs; Biochem. Pharmacol.; (1 986); 35; 4505-4509). 2-Phenyl-1 ,2-benzisoselenazoiin-3-one (ebseien) is how- 
ever very little soluble in water, even in the presence of an excess of glutathione GSH,. which limits its pharmacological 
applications. 

[0015] The biochemical and pharmacological properties of the organoselenium compounds which have been syn- 
30 thesised and studied have been recently reviewed ( see M.J. Parnham and E. Graf; Progress in Drug Res.; (1991); 
36; 9-47 and M.J.Parnham, Exp.Opin.lnvestDrugs, (1996), 5, 7, 861-570). 

[0016} One of the aims of the present invention is to design organoselenium compounds having a catalytic activity 
of the glutathione peroxidase type in the presence of physiological concentrations of glutathione GSH. 
[001 7] These compounds must be able to penetrate the target tissues or cells, be soluble in water at active concen- 
35 trations and must not efficiently reduce oxygen into toxic by-products. 

[0018] These aims are attained by virtue of the present invention which resides on the design of cyciic organosele- 
nium compounds whose antioxidant and cytoprotecting activities have been demonstrated by the Applicant and which 
are given below. 

[0019] From a chemical point of view, very few 4(5)-seleno-imidazoie derivatives have been described in the litera- 
te ture. Generally, these 4(5)-seleno-imidazole derivatives have been accessed according to 2 main routes, namely: 

* either by reaction between a derivative of type N-(trialkylsilyl)-imidazole and an aryiselenium halide (see T.G. BACK 
and R.G. KERR; Can. J.Chem.; (1986); 64; 2; pages 308-301); 

* or by nudeophilic substitution between a 4-halo-imidazoIe derivative and c selenium derivative such as selenourea 
(see g:H. r*ILHk= and L.R. TOWWSEND; J.Carbohydr.Nucleosides, Nucleotides; (1976); 3; 3; pages 177^-183) or : 
sodium hydrogen selenide (see G.H. MILNE and L.R. TOWNSEND; J.Heterocycl.Chem.; (1976); 13; 4; pages 
745-748); 

[0020] One of the objects of the invention described in this patent is to propose a novel method of introducing selenium 
so in position 4(5) of an imidazole ring by reaction with an electrophiiic selenium derivative such as selenium (Sef) chloride. 

DESCRIPTION OF THE INVENTION: 

[0021] The aim of the present invention is: 

1) to solve the novel technical problem consisting of providing novel aromatic diselenides and selenosulphides 
having a very good antioxidant and cytoprotecting activity, thus constituting valuable active principles of pharma- 
ceutical compositions; 
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2) to solve the novel technical problem above according to a solution which includes a method of preparation of 
these novel compounds which is easy to carry out 

[0022] The technical problems set forth above are solved forthe first time in a simultaneous manner by the present 
invention in a simple way; the method of preparation of said novel compounds being relatively easy to carry out and 
giving good yields, 

[0023] According to its first aspect, the present invention thus relates to novel organoselenium compounds - aromatic 
diselenides and seienosulphides - having the general formula (I) below : 



15 




(I) 



in which : 

R = hydrogen ;-C(R^ R 2 )-A-B 

R-i = lower aikyl ; optionally substituted aryl ; optionally substituted lower aralkyl; 
R 2 = lower alkyl : optionally substituted aryl : optionally substituted lower aralkyl; 
A = CO;(CR 3 R 4 ) n ; 

B represents NR S R 5 ; N*R 5 R 6 R 7 Y- ; OR 5 ; SR 5 ; 

Ar = an optionally substituted phenyl group or an optionally substituted radical of formula : 



30 




in which 2 represents O ; S ; NR 5 ; when R = -C(R 1 R 2 )-A-B 
or 

Ar = a radical of formula 



•"46 • 




in which Z = O ; S ; NR 5 ; when R is hydrogen ; 

X = Ar(R)-Se- ; -S-glutathione ; -S-N-acetylcysteine ; -S-cysteine ;-S-penicillamine ; -S-aiburnin; -S-giucose ; 
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R 3 = hydrogen ; lower alkyl ; optionally substituted any I, optionally substituted lower araikyl ; 

R 4 = hydrogen ; lower alkyl ; optionally substituted aryl : optionally substituted lower araikyl ; 

R 5 = hydrogen ; lower alkyl ; optionally substituted aryl : optionally substituted lower araikyl ; optionally substituted 

heteroaryl ; optionally substituted lower heteroaralkyl ; CO(lower alkyl) ; CO(aryl) ; S0 2 (lower alkyl) ; S0 2 (aryl) ; 

Re = hydrogen ; lower alkyl ; optionally substituted aryl ; optionally substituted lower araikyl ; optionally substituted 

heteroaryl ; optionally substituted lower heteroaralkyl ; 

R 7 = hydrogen ; lower alkyl ; optionally substituted aryl : optionally substituted lower araikyl ; optionally substituted 
heteroaryl ; optionally substituted lower heteroaralkyl ; 

R fl = hydrogen ; lower alkyl ; optionally substituted aryl ; optionally substituted lower araikyl ; optionally substituted 
heteroaryl ; optionally substituted lower heteroaralkyl ; trifiuoromethyl ; 




n = 0 or 1 ; 

X + represents the cation of a pharmaceutically acceptable base ; 
Y- represents the anion of a pharmaceutically acceptable acid ; 

and their salts of pharmaceutically acceptable acids or bases ; 
with the provisos that : 



when 
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R =-C(R 1 R 2 )-(CR 3 R 4 )-B with B = NRgRg or N + R 5 R 6 R 7 Y" 
and 

X = Ar(R)-Se- with Ar = optionally substituted phenyl, 

then 

-C(R n R 2 ) is different from (CRgR^ ; 

and 
when 

Ar = phenyl and 

R = -Ct^RaJ-C^J-B with B=NH 2 or NHCH 3 or NHCH 2 C 6 H 5 or NHC 6 H 5 
and 

X = Ar(R)-3e-, 

then R., and R 2 cannot simultaneously represent a methyl group. 

[0024] Said general formula (I) more particularly encompasses the 1 9 compounds, preparation of which is illustrated 
in the examples joined to this specification. 

[0025] Said general formula (I) includes every stereoisomer, epimer and diastereo isomer, as a mixture or in isolated 
form. 

[0026] It also includes, as indicated, the salts of pharmaceutical^ acceptable acids or bases of said compounds of 
formula (I). 

[0027] Amongst the pharmaceutical^ acceptable acids, hydrochloric, hydrabromic, hydroiodic, sulphuric, tartaric, 
methanesulphonic, trifluoromethane-sulphonic acid, ... can be cited in a non-limiting way. 

[0028] Amongst the pharmaceutical^ acceptable bases, sodium hydroxide, potassium hydroxide, alkali metal or 
alkaline earth metal carbonates, or organic bases such as triethylamine or arginine, ... can be cited in a non-limiting way. 
[0029] Within the context of the present description and annexed claims : 

- the terms "lower alkyl and lower alkoxy (see below)" are understood as meaning straight or branched aikyl and 
alkoxy groups having from 1 to 8 carbon atoms ; 

the term "aryl" is understood as meaning an aromatic group selected from phenyl and naphthyl groups ; 
the term "heteroaryl" is understood as meaning a mono- or bicyclic aromatic group, each cycle, or ring, comprising 
five or six atoms and said cycle, or ring, or both cycles, or rings, including in its carbon skeleton from one to three 
heteroatoms selected from nitrogen, oxygen and sulphur; 

- the terms "lower aralkyl" and "lower heteroaralkyl" are understood as meaning, in view of the definitions above, 
phenyl(C r C a )alkyl or naphthyl(C r C a )a!kyl and heteroar(C r C B )alkyi respectively; 

- the term "substituted" concerning the terms aryl, aralkyl, phenyl, radical (five-membered, including Z), heteroaryl, 
heteroaralkyl, as defined above, signifies that the groups in question are substituted on the aromatic part with one 
or more identical or different groups selected from the groups : (C r C 8 )alkyl, trrfluoromethyl, (C r C a )alkoxy, hydroxy, 
nitro, amino, (C r C 8 )alkylamino. di(C r C a )alkylamino, sulphoxyl, sulphonyl, sulphonamide, sulpho(C r C a )aikyl, 
carboxyl, carbalkoxyl, carbamide (it being possible for said (C r C 8 )alkyl groups to be linear or branched) or sub- 
stituted with one or more halogen atoms; 

- the term aminoacyl, which concerns the glutathionyl, cysteinyl, N-acetylcysteinyl or even the penicillamine group 
in the definition of X, signifies any natural aminoacid such as alanine, and leucine, ... for example. 

- vvhcr. R s and/cr R ff represent: 2 hydrogen atom, Lhc irA-chtfc;;- also covers the salts obtained with' the pharrrraceu- 
• tically acceptable -acids. •"" ~- '■ " 

[0030] Said novel compounds have proved to be, as specified above, excellent antioxidant agents, the use of which 
is recommended by the Applicant in various fields. This use of said novel cyclic organoselenium compounds of the 
invention - compounds having formula (I) as defined above - as antioxidant agents, constitutes the second aspect of 
said invention. 

[0031] Within the context of this second aspect, the use of said compounds of formula (l) r is more particularly claimed 
as antioxidant : 

intended to be added to preserving media of grafts for transplantation of organs of human or animal origin such 
as the heart, the liver, the kidney and the lungs ; 

and 
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- intended for (as active principle) the manufacture of pharmaceutical compositions with antioxidant activity, suitable 
especially : 

* for treatments of any physiopathological condition in which an over-production of cytotoxic hydroperoxides 
contributes to the functional impairments of ceils or tissues ; and more particularly including : 

* the treatment of inflammatory and/or ischaemic cardio- and cerebrovascular pathologies, such as the pre- 
ventive and/or curative treatment of arterial restenoses following an angioplasty, the preventive and/or curative 
treatment of arterial stenoses following artery allografts, the treatment of intermittent claudication in patients 
affected with obstructive ischaemia of the lower members, the treatment of cerebrovascular accidents of 
ischaemic origin ; 

* the treatment of inflammatory and/or ischaemic digestive pathologies, such as the treatment of acute inflam- 
mations of the bowel (Crohn's disease, hemorrhagic rectocolitis) ; 

* the treatment of inflammatory and/or ischaemic respiratory pathologies, such as the treatment of adult respi- 
ratory distress syndrome (ARDS) and infant respiratory distress syndrome (IRDS) ; 

* the treatment of inflammatory and/or ischaemic ophthalmic pathologies, such as the treatment of glaucoma ; 

* the treatment of cataracts ; 

* the treatment of acute ophthalmic allergies ; 

* the treatment of impairments of the retina which are associated with a macular degeneration ; 

* the treatment of viral infections causing an immuno-deficiency, such as the treatment of AIDS ; 

* the treatment of post-radiotherapy fibroses. 

[0032] Generally, the potential therapeutic applications of the compounds of the invention include the treatment of 
any physiopathological condition in which an over-production of cytotoxic hydroperoxides contributes to the functional 
impairments of ceils or tissues. Such an over-production of hydroperoxides can be endogenous and secondary to the 
activation of the intra-cellular metabolic pathways such as, for example, those of the fiavine or cytochrome P-450 
oxygenases, those of the lipoxygenases, those of the monoamine oxidases. The over-production can also be due to 
the activation of the endothelial cells (xanthine oxidase, 15-Hpoxygenase) t or of blood platelets (cyclooxygenase and 
12-lipoxygenase). It can also be due to the activation, by cytokines such as TNF-oc for example, of inflammatory and/ 
or immune cells such as neutrophils, macrophages or lymphocytes for example. It may also be due to an intoxication 
by a free-radical generating xenobiotic. Finally, it may be due to a voluntary irradiation such as practised during a 
radiotherapy, or an accidental irradiation. 

[0033] More particularly, the second aspect of the present invention includes the use of compounds of the invention 
for the manufacture of pharmaceutical compositions intended for the treatment: 

* of inflammatory diseases of the bowel such as Crohn's disease or hemorrhagic rectocolitis ; 

* of aduit respiratory distress syndrome and infant respiratory distress syndrome ; 

* . of cataracts ; 

* of AIDS; 

* of post-rad iothera py fi b roses . 

[0034] From the second aspect of the present invention - use of the novel compounds de formula (I) as antioxidant 
agents -, such as described above, comes the third aspect which is dealt with now. namely the pharmaceutical com- 
positions containing said compounds of formula (I) as active principle. 

[0035]- Thus; according to iis third aspect the- present invention relates to pharmaceutical-compositions, notably- 
having an antioxidant activity; and cbmprjsirig^at'Ieast one orgarioselahiurn compound of the T gerieral formula (I), or 
one of its pharmaceutical ly acceptable salts of an acid or a base, as active ingredient, optionally incorporated in a 
pharmaceutically acceptable excipient, carrier or vehicle. 

[0036] Said pharmaceutical compositions of the invention, according to an advantageous embodiment, contain said 
active ingredient in an amount between 0.1 and 5% by weight, advantageously between 0.1 and 1 % by weight based 
on their total weight. According to another advantageous embodiment, said compositions are in the form of unit doses 
comprising from 1 to 500 mg of at least one cyclic organoselenium compound of the invention (optionally incorporated 
in a pharmaceutically acceptable excipient, carrier or vehicle). 

[0037] The pharmaceutical compositions of the invention can be formulated for, or intended for, oral, rectal or topical 

administration, (the compounds of formula (I) may especially be formulated for ophthalmic applications in the form of 

an eye lotion) or even as intra-ventricular, intra-muscular, subcutaneous or intravenous injections. 

[0038] The pharmaceutically acceptable excipients, vehicles and carriers which can be included in their formulation 

are products which are well-known to the person skilled in the art and are not described in detail here. 

[0039] The pharmaceutical compositions of the invention which contain the antioxidant agents disclosed by the 
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present invention (compounds of formula (l)) are especially suitable for the treatment of any physiopathological con- 
dition in which an over-production of cytotoxic hydroperoxides contributes to the functional impairments of cells or 
tissues ; it being possible for said over-production of hydroperoxides to be due to any one of the causes presented 
above in the present description, with reference to the second aspect of the invention (activation of the intracellular 
metabolic pathways, enzyme activation, macrophage or lymphocyte activation, intoxication by a free+adical generatino 
xenobiotic, voluntary or accidental irradiation). 

[0040] More specifically, said pharmaceutical compositions are suitable for the treatment of the pathologies listed 
above in the present description (with reference to the second aspect of the invention). 

10041] it is hereby specified that the antioxidant and therapeutical or pharmacological activities of the cyclic orga- 
noselenium compounds of the general formula (I) above have been demonstrated according to safe and reliable tests 
well-known to the person skilled in the art, which comprise : " ^ 

a/ measuring the glutathione peroxidase activity; 

b/ measuring the cyto protective effect in human umbilical vein endothelial cells. 

[0042] It is hereby incidentally mentioned that the preparation of pharmaceutical compositions incorporating an ef- 
fective amount of at least one organoselenium compound of formula (I) according to the invention as well as the ther- 
apeutical treatments implying the use of such a compound make up an integral part of the present invention. 
[0043] According to its last aspect, given below, the invention even relates to a method of preparation of said orga- 
noselenium compounds of formula (I). In fact, two synthetic routes are recommended: 

- a route B for the compounds of formula (I) in which R = H ; 

- a route A for the other compounds of formula (I) in which R&H ; R = -C(R 1 R 2 )-A-B. 

[0044] First of all, said route A is presented. It comprises the following essential steps : 

a/ preparing or using an orthohalo(hetero)ary!acetanitrile derivative, optionally mono-or gem- disubstrtuted in the 
benzylic position; then, according to the series considered : 

- for the preparation of said compounds of formula (I) in which A=(CR 3 R 4 ) n and n = 0 (A does not exist): 
b1/ hydrolyzing said nitrile derivative into an amide derivative, 

d-1/ transforming this amide derivative into an amine derivative by a transposition reaction according to 
conventional methods, 

d1-1/ allowing said amine derivative to react with a nucleophilic selenium derivative, optionally generated 
in situ, in the presence of a copper Cu(l) salt in a polar organic solvent, to lead to the corresponding 
(hetero)arylisoselenazoline derivative, 

e1-1/ optionally, N-alkylating or N-arylating or N-acylating or N-sulphonylating, according to conventional 
procedures, said (hetero)arylisoselenazoline derivative ; 

for the preparation of said compounds of formula (I) in which A = CO: 

b1/ hydrolyzing said nitrile derivative into an amide derivative, 
** c1-Z' allowing said amide derive ... 
-ih aiiurxu the presence of a copper Cu(i) salt, in a polar 
(hetero)arylisoselenazone derivative, 

d1-2/ optionally, N-aikylating or N-arylating or N-acylating or N-sulphonylating, said (hetero)aryiisoselena- 
zone derivative; - for the preparation of said compounds of formula (I) in which A = Chfe: 
b2/ reducing said nitrile derivative into an amine derivative with the aid of borane for example in an ethereal 
solvent such as tetrahydrofuran for example, 

c2/ allowing said amine derivative to react with a nucleophilic selenium derivative, optionally generated 
in situ, in the presence of a copper Cu(l) salt, in a polar organic solvent, to lead to the corresponding 
(hetero)arylisoselenazine derivative, 

d2/ optionally, N-alkylating or N-arylating or N-acylating or N-sulphonylating, according to conventional 
procedures, said (hetero)arylisoselenazine derivative; 

- for the preparation of said compounds of formula (I) in which A = (CR3R4) (* CH 2 ): 
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b3/ carrying cut a mono- or a bis-C-alkylation of said nrtrile derivative according to conventional methods 

wthtfie^ojLa^ 

c3/ allowing the amine derivative obtained to react with a-nucleophilic selenium derivative, optionally gen- 
erated in situ, in the presence of a copper Cu(I) salt, in a polar organic solvent, to lead to the corresponding 
(hetero)arylisoselenazine derivative; 

d3/ optionally, N-alkylating or N-arylating or N-acylating or N-sulphonyiating, according to conventional 
procedures, said corresponding (hetero)arylisoselenazine derivative ; 

b/ reducing, in a polar solvent such as methanol, the cyclic compound obtained, according to any one of the above 
synthetic routes, with the aid of a metal hydride, such as sodium borohydride, intervening in an amount corre- 
sponding to a half-reducing equivalent ; for the preparation of said compounds of formula (I) in which X = Ar(R)-Se- ; 
or 

allowing said cyclic compound obtained according to any one of the above synthetic routes to react at ambient 
temperature, with the thiol compound corresponding to the values of X * Ar(R)-Se- f for the preparation of said 
is compounds of formula (I) in which X * Ar(R)-Se-. 

[0045] Said method is close to that described in the application WO-A-95/27706. It consists, as appears clearly 
above, of two main steps : • 
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20 - upon completion of the first (a/), cyclic organoselenium compounds are obtained ; 

- during the second (b/), said cyclic organoselenium compounds are either reduced or allowed to react with a thiol. 

[0046] The implementation of each of its steps does not give rise to any particular difficulty to the person skilled in 
the art. 

25 [0047] According to the advantageous variants of implementation of said method: 

- the nucleophilic selenium derivative (which intervenes in steps d1-1/, d-2/, c2J and c3/) is a selenocyanate salt 
such as potassium selenocyanate for example, which can be : 



* either generated in situ from selenium metal Se(0) and a cyanide salt, such as potassium cyanide for example, 
or added to the reaction medium as such ; 

the copper salt Cu(l) (which intervenes in the same steps) is cuprous iodide ; 
the polar organic salt (which intervenes in the same steps) is dimethylformamide. 

[0048] Route B is now presented. This is an original method of preparation, notably of 4{5)-seleno-imidazole deriv- 
atives of formula (I), more specifically compounds of the invention of formula (II) below : 



40 Se- 



4Z. . 




T 

R a 



in which Z and R 8 (and X) are defined as above with reference to the general formula (I). 
[0049] Said original method comprises the following essential steps : 

a/ preparing or using a derivative of formula (III) : 
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n<s^z (Hi) ; 

R 3 

N-alkylated, N-aryiated, N-acylated or N-sulphonylated when 2 = NRg ; then, according to the series considered : 

- for the preparation of said diseienide compounds of formula (II) in which Ra = hydrogen : 

fa1/ allowing said derivative of formula (III) to reactwith an electrophilic selenium derivative, in a non-polar 
solvent; 

d/ if necessary, de-acylating or de-sulphonylating, according to usual procedures, the compound 
obtained ; 

- for the preparation of said diseienide compounds of formula (II) in which R 8 = lower alkyl, optionally substituted 
lower aralkyi, optionally substituted lower heteroaralkyl : 

b2/ alkylating said derivative of formula (ill) in position 2 in treating it firstly with an organolithium base 
such as lithium diisopropylamide, then, with a haiide, notably a lower alkyl, optionally substituted lower 
aralkyi or optionally substituted lower heteroaralkyl iodide ; 

c2J allowing said alkyl derivative to react with an electrophilic selenium derivative, in a non-polar solvent; 
62/ if necessary, de-acylating or de-sulphonylating, according to usual procedures, the compound 
obtained ; 



- for the preparation of said diseienide compounds of formula (II) in which R a = optionally substituted aryl, op- 
tionally substituted heteroaryl : 

b3/ treating said derivative of formula (III), in a non-polar organic solvent, in the presence of a strong base, 
with a trialkyitin haiide or a zinc haiide in order to obtain the corresponding stannyl or zinc derivative then 
treating said stannyl or zinc derivative with a haloaromatic derivative, in the presence of palladium, in a 
non-polar organic solvent ; 

c3/ allowing the compound obtained to react with an electrophilic selenium derivative, in a non-polar 
solvent ; 

d3/ if necessary, de-acylating or de-sulphonylating, according to usual procedures, the compound 
obtained ; 

b/ if necessary, allowing said diseienide compound obtained according to any one of the above synthetic routes, 
in a polar solvent, with an adequate mercaptan ; in order to obtain the corresponding selenosulphide compound.' 

[0050] For the-preparation of the compounds - diselenides and selenosulphides - of the invention of formula (I) in 
Write!, ■- H, the-diseisnidesara generally prepared as indicted cbove-which are optionally- transformed into seleno-^- 
sulphides (see B sef forth above). ' : •» - 

[0051] The alkyl group of the imidazole derivatives (Z = IMR5) N-alkylated is advantageously an alkyl group having 
from 1 to 6 carbon atoms, notably, a methyl group. 

[0052] The acyl group of the imidazole derivatives (2 = NR5) N-acylated is advantageously a pivaioyl or a benzoyl 
group. 

[0053] The sulphonyl group of the imidazole derivatives (2 = NRg) N-sulphonylated is advantageously a tosyi group 
or a N f N-dimethylsulphonamide group. 

[0054] According to an embodiment of this method (preparation variant for the diseienide compounds of formula (II) 
in which R 8 includes an aryl group : step b3/), this is characterised in that the trialkyitin haiide is preferably tributyltin 
chloride or trimethyltin chloride. According to another embodiment of this method (same variant), this is characterised 
in that the zinc haiide is preferably zinc chloride. 

[0055] According to another particular embodiment of this method (same variant, same step b3/). this is characterised 
in that the above-mentioned strong base can be an alkyliithium, such as butyllithium for example, or a lithium amide, 
such as lithium diisopropylamide for example. 
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[0056] According to another embodiment of this method (same variant, same step b3/) t this is characterised in that 
the non-polar organic solvent is preferably an ethereal solvent such as tetrahydrofuran for example. 
[0057] According to yet another particular embodiment of this method (same variant same step b3/). this is charac- 
terised in that the above-mentioned haloaromatic derivative is a chioro- or bromo- or iodo-aromatic derivative such as, 
for example, bromobenzene or 4-chloro pyridine. 

[0058] According to still another particular embodiment of this method (ail variants), this is characterised in that the 
above-mentioned electrophilic selenium derivative can be selenium (Se ! ) chloride. 

[0059] According to still another particular variant of this method, this (all variants) is characterised in that the above- 
mentioned non-polar solvent can be dichloromethane for example. 

[0060] When 2 = NR 5 the protected nitrogen is deprotected, when necessary in a conventional way in a polar solvent 

Said polar solvent can be tetrahydrofuran or acetonitriie, for example. 

[0061] Finally, the polar solvent intervening in step b/ is advantageously acetonitriie. 

[0062] Other aims, characteristics and advantages of the invention will appear clearly in the light of the following 
explanatory description made with reference to various non-limiting Examples given solely as illustration and which in 
no way limit the scope of the invention. In the Examples, all percentages are given by weight unless otherwise indicated. 
[0063] In the annexed figures, 

Figure 1 shows the inhibition of the TNF-a-induced interieukin 8 release by endothelial cells (HUVEC); 
Figure 2 shows the inhibition of the TNF-a-induced P-selectin expression by endothelial cells (HUVEC); 
Figure 3 shows the inhibition of the TNF-a-induced E-selectin expression by endothelial cells (HUVEC). 



EXPERIMENTAL SECTION: 



[0064] Alt reactions were carried out under an inert nitrogen atmosphere unless otherwise indicated. 
25 [0065] Mass spectra were recorded on a Nermag R10-10B instrument, lonisation used is either electron impact (El) 
at 70 electron-volts or chemical ionisation (CI) in ammonia orisobutene, or fast atom bombardment (FAB) on a glycerol 
matrix. 

[0066] The 1 H and 13 C NMR spectra were recorded on a Varian Gemini-200 instrument, the ^Se NMR spectra on 
a Bruker AMX 500 instrument The chemical shifts are given in ppm with respect to tetramethyisilane fH and 13 C NMR 
30 spectra) or to dimethylseienide pSe NMR spectra). The multiplicities are expressed as follows: "s" for singlet, "bs" 
for broad singlet, n d n for doublet, T for triplet "q" for quadruplet and "m" for multiplet; "E n for even and "O" for odd. 
[0067] The melting points (m.p. °C) were recorded on a Gallenkamp instrument and are given uncorrected. 
[0068] Purification by liquid column chromatography was carried out, according to the case, with Merck® Si60 F 254 
or basic aluminium oxide Merck R Al 2 0 3 90 (Activity I). 

35 

(/ Examples of synthesis of compounds of general formula I ll): 

Example 1: Preparation of difZ-^'-d-amino-a'-methyQpropyflphenyn-diselenide : 



40 [0069] 



Se^ 



[0070] The 4,4-dimethylbenzisoselenazine derivative BXT 51072 (5.65 g; 25 mmoles) is suspended in anhydrous 
so methanol (1 0 ml). A preparation of this derivative has been described in Example 8 of the application WO-A-95/27706. 
[0071] Sodium borohydride (260 mg; 6.84 mmoles) is added slowly to the reaction medium, at a temperature of 0°C; 
stirring is then continued for one hour at ambient temperature and under air. Tert-butyi methyl ether (40 ml) and a 50% 
saturated sodium chloride solution (10 ml) are added to the reaction medium, the latter is then decanted. The orange 
organic phase is washed with 10 ml of a 50% saturated sodium chloride solution, dried over magnesium sulphate and 
ss filtered. 

[0072] The solvent is evaporated under reduced pressure. The desired product is obtained as an orange oil. 
(Beware: the product dissolved in organic solvents, such as, for example dichloromethane, slowly oxidises in air to 
give the starting material, BXT 51072.) 
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Yield: 95% 

Physical characteristics: 



* NMR 1 H: (CDCl 3 ) 

5 1.41 ppm (s; 6H); 1.60 ppm (bs; 2H); 3.08 ppm (s; 2H); 7.00-7.35 ppm (m; 3H); 7.95 ppm (m; 1H). 

[0073] This product contains 6% of BXT 51072 according to the comparative integration of the small supplementary 
signals at 1.26 ppm and 3.21 ppm. FK ' 

10 * NMR 13 C: (CDCI3) 

* NMR ^Se: tc^SeCH^ ^ ^ ^ 128 97 ^ 13 °* 47 PPmi 136 ' 45 PPm; 146 " 87 PP m - 
493 ppm 

* MS: (CI, isobutane) 

*5 457 (MH + ; 55%); 228 (100%). 

* HRMS: 

calc. for C20H29N2Se2: 457.0661; exp.: 457.0665. 



^ m ^ e 2: Preparation of dir2-r2W1 t -am ino-2 , -methvnpropvl1 P henvn-diseienide dihvdrochlpride r BXT 51125 
[0074] 

Ujl se ^ , 2HCI 

[0075] The 4,4-dimethylbenzisoselenazine derivative BXT 51072 (27.12 g; 0.12 mol) (see Example 8 of WO-A- 
95/27706) is suspended in anhydrous methanol (50 ml). Sodium borohydride (1.25 g; 33 mmoles) is added in portions 
of 50 mg for 30 min. to the reaction medium at a temperature of 0°C; stirring is then continued vigorously for 5 hours 
at ambient temperature and under air. Tert-butyl methyl ether (200 ml) and a 50% saturated sodium chloride solution 
(50 ml) are added to the reaction medium, the latter is then decanted. The orange organic phase is washed with 50 
ml of a 50% saturated sodium chloride solution, dried over magnesium sulphate and filtered. This solution is added 
slowly (50 mm.) to an ethanolic solution of hydrogen chloride (68 ml; 4.1M; 0.28 mol) at a temperature of 5°C Stirring 
is continued vigorously for 30 min. The suspension obtained is filtered. The yellow precipitate is washed with 5x50 ml 
of tert-butyl methyl ether, then dried. The desired compound is obtained as a yellow powder. 
Yield: 95% 

Physical characteristics: 



* rn.p.°C: 283°C (dec.) 

* NMR1H:(D 2 0) 

- 'l^R^{CO^O) A2 2H): 7,06 PPm (m i. 1 H): 725 Ppm < m: 1H): 7 ' 36 PP m to 1H >; 7.65 ppm (m; 1H). 

i:b6 ppm(sr6H); 3.52 ppm-(s;-2H);'7.21 ppm (td; 1H.J =8-8 - 1.5 Hz); 7:36 ppm (td; 1H, J = 8 - 8 - 1.5 Hz)- 7 41 
ppm (dd; 1H, J = 8 -1.5 Hz); 7.80 ppm (dd; 1H t J = 8 -1.5 Hz). 

* NMR (D 2 0) 

24.95 ppm; 37.35 ppm; 46.29 ppm; 127.13 ppm; 127.27 ppm; 127.74 ppm; 127.90 ppm; 136.33 ppm; 142 07 pom 

* microanalysis: K 
50 calc. for C20H30CI2N2Se2: C 45.56%; H 5.73%; N 5.31 %; 

exp. C 45.50%; H 5.77%; N 5.44%. 
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Example 3: Preparation of djlgjg^^gmm BXT 
51108 " " 

[0076] 




[0077] The 4,4-dimethylbenzisoselenazine derivative BXT 51072 (3.39 g; 15 mmoles) (see Example 8 of WO-A- 
95/27706) is dissolved in anhydrous methanol (75 ml). Sodium borohydride (627 mg; 16.5 mmoies) is added; then the 
reaction mixture is stirred for 30 min; at ambient temperature and under air. The methanol is evaporated under reduced 
pressure. The residue is taken up into 1 50 ml of ethyl acetate and washed with 2x1 50 ml of water; dried over magnesium 
sulphate and filtered. This solution is added to a solution of para-toluenesulphonic acid (3.13 g; 16.5 mmoles) in ethyl 
acetate (75 ml). The reaction mixture is brought to a temperature of 0°C, and stirring is continued for 30 min. The 
suspension obtained is filtered; The precipitate is washed with 4x25 ml of tert-buty! methyl ether, then dried. The desired 
compound is obtained as a yellow powder. 
Yield:89% 

Physical characteristics: 

* m.p.°C: 176°C (dec.) 

* NMR 1H: (CD 3 OD) 

1.54 ppm (s; 6H); 2.35 ppm (s; 3H); 3.49 ppm (s; 2H); 7.10-7.47 ppm (m; 3H); 7.21 ppm (d; 2H, J = 8 Hz); 7.69 
ppm (d; 2H, J = 8 Hz); 7.78 ppm (m; 1 H). 

* NMR 13 C: (CD 3 OD) 

21.31 ppm; 27.58 ppm; 40.75 ppm; 49.64 ppm; 127.37 ppm; 129.72 ppm; 130.00 ppm; 130.14 ppm; 130.56 ppm; 
131 .03 ppm; 139.22 ppm; 142.08 ppm; 143.76 ppm; 145.55 ppm. 
MS: (FAB+ para-nitrobenzyl alcohol) 

457/455 (M-~-H + , 67%); 230 (76%); 228 (100%); 226 (53%); 212 (38%); 197 (31%); 154 (48%); 136 (45%). 

* HRMS: 

calc. for C20H29N2Se2 (M++-H+): 457.0661 . exp.: 457.0665. 
Example 4: Preparation of d^^'^r-amino-Z-methvnproDvil^methoxvlphenvl-diselenide : 
[0078] 




[0079] The 4 l 4-dimethyl-6-methoxybenzisoselenazine derivative BXT 51077 (256 mg; 1 mmoi) is dissolved in an- 
hydrous methanol (5 ml). A preparation of this compound has been described in Example 11 of the application WO- 
A-95/27706. Sodium borohydride (9.5 mg; 0.25 mmoles) is added; then the reaction mixture is stirred for 30 min; at 
ambient temperature and under air. The methanol is evaporated under reduced pressure. The residue is taken up into 
20 ml of water, then extracted with 2x20 ml of dichloromethane. The organic phases are combined, washed with 20 
ml of a saturated sodium chloride solution, dried over sodium sulphate and filtered. The solvent is evaporated off under 
reduced pressure. The desired compound is obtained as an orange oil, in a mixture with 3% of starting material, BXT 
51077. 
Yield: 82% 

(Beware: the product dissolved in organic solvents, such as, for example dichJoromethane, slowly oxidises in air to 
give the starting material, BXT 51077.) 
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Physical characteristics: 

* NMR 1H: (CDCi 3 ) 

0.8 ppm (bs; 2H); 1.34 ppm (s; 6H); 3.06 ppm (s; 2H); 3.74 ppm (s; 3H); 6.60 ppm (dd; 1H ? J = 8.5 - 2.5 Hz); 6.84 
5 ppm (d; 1H t J = 2.5 Hz); 7.65 ppm (d; 1H, J = 8.5 Hz). 

[0080] This product contains 3% of BXT 51 077 according to the comparative integration of the small supplementary 
signal at 1 .24 ppm. 

10 * NMR 1 3C: (CDCI 3 ) 

28.57 ppm; 42.77 ppm; 52.42 ppm; 55.42 ppm; 111.64 ppm; 116.26 ppm; 120.87 ppm; 140.25 ppm; 149.56 ppm; 
160.11 ppm. 

* NMR ^Se: (CH 3 SeCH 3 ) 

521 ppm (signals of weak intensity at 694 ppm (corresponding to BXT 51077) and 345 ppm). 
is * MS: (CI; isobutane) 

517 (MH+; 27%); 258 (100%). 

Example 5: Preparation of di[2-r2'-(1 '-methy lam in o-2'-methyl)propyl1-ph en yll-diselenide : BXT 51109 



30 5AJ Preparation of 2,4,4-trimethyl-benzisoselenazine: BXT 51112 

[0082] The 4,4-dim ethyl be nzisoselenazine derivative BXT 51072 (452 mg; 2 mmoles) (see Example 8 of WO-A- 
95/27706) is dissolved in 4 ml of tert-butyl methyl ether. Methyl para-toluenesulphonate (372 mg; 2 mmoles) is added, 
then the solution is refiuxed for 14h. The reaction mixture, brought to ambient temperature, is diluted with tert-butyi 

35 methyl ether (20 mi), then extracted with hydrochloric acid (1N; 3x15 ml).. The aqueous phases are combined. After 
making it alkaline (pH = 12), the aqueous phase is extracted with tert-butyl methyl ether (3x20 ml). The organic phases 
are combined, washed with 20 ml of a saturated sodium chloride solution, dried over sodium sulphate and filtered. The 
solvent is evaporated off under reduced pressure. The desired compound is obtained as a yellow oil after purification 
by liquid chromatography on a silica column (eluent: cyclohexane-ethyi acetate 9/1). 

<o Yield: 47% 

Physical characteristics: 

. * NMR 1 H: (CDCI 3 ) 

- - 1.23 ppm-fbs.SH); 2.73 ppm (s; 3HJ;.3.06 ppr.,(s; CH); 7.0-7: f 3- ppm (m; 3H); 7:37-7.46 ppm (m; 1H). 
■ « •* . NMR :"C: (CDCI3) .- ■ .-■ 

29.85 ppm: 37.05 ppm; 48.51 ppm; 72.11 ppm; 126.09 ppm; 126.30 ppm; 126.85 ppm; 127.85 ppm; 129.69 ppm; 
142.64 ppm. 
* MS: (El, 70 eV) 

241 (M + *; 100%); 198 (62%), 183 (76%), 115 (40%). 

50 

5B/ Preparation of di[2-[2'-( 1-methy lam ino-2'-m ethyl) propy!]-pheny!]-diselenide: BXT 51109 

[0083] The preceding derivative BXT 51112 (140 mg; 0.58 mmol) is dissolved in anhydrous methanol (5 mi). Sodium 
borohydride (5.5 mg; 0.145 mmole) is added; then the reaction mixture Is stirred for 30 min., at ambient temperature 
55 and under air. The methanol is evaporated under reduced pressure. The residue is taken up into 20 ml of hydrochloric 
acid (1N), then washed with 3x10 ml of tert-butyl methyl ether. The aqueous phase is made alkaline, then extracted 
with 3x20 ml of dichloromethane. The organic phases are combined, washed with 20 ml of a saturated sodium chloride 
solution, dried over sodium sulphate and filtered. The solvent is evaporated under reduced pressure. The desired 



20 [0081], 



25 




14 



EP 0 850 924 B1 

compound is obtained as an orange oil. 

(Beware, the product dissolved in organic solvents, such as, for example dichloromethana. slowly oxidises to give the 
starting material BXT 51112.) 
Yield: 75% 

Physical characteristics: 

* NMR 1 H:(CDCI 3 ) 

IZ^I^T^^ffJg* 3 - 02 ppm (s: 2H): 70 " 7 - 20 ppm (m: 2H): 7 - 83 ppm (dd: 

* NMR '3C: (CDCI3) 

?! c 7 ° Q PPm: 37 27 PPm: 4128 PPm; 62 - 27 PP m : 127 - 9 1 PP"i; 128.18ppm; 129.54ppm; 130.36 ppm; 136.37 ppm- 

* MS: (CI, isobutane) 

485 {MH + ; 68%); 242 (100%). 

Example 6: Prepara tion of dip-p^rwnethylamin^-methvnpropvn-phenvn-dfeelenide dihydrochloride : BXT 51130 
[0084] 



kA SeV , 2HCI 



[0085] This compound is obtained, according to a method very similar to that of Example 2 from the preceding 
derivative (BXT 51112) as a yellow-orange powder. 
Yield: 89% 

Physical characteristics: 

* m.p.°C: 260°C (dec.) 

* NMR 1 H: (CD 3 OD) 

1.57 ppm (s; 6H); 2.56 ppm (s; 3H); 3.57 ppm (s;2H); 7.24 ppm (td; 1H, J = 8 - 8- 1.5 Hz); 7.37 ppm (td* 1H J = 
8-8-1.5Hz);7.47ppm(dd;1H, J = 8 - 1.5 Hz); 7.85 ppm (dd; 1H, J = 8 -1.5 Hz). ' 

* NMR 13 C: (CD3OD) 

27 98 ppm; 35.20 ppm; 40.76 ppm; 59.66 ppm; 129.56 ppm; 130.18 ppm; 130.76 ppm; 131.29 ppm; 139.90 ppm; 
145.56 ppm. 

Example 7: Preparation of dtf2-f2'-( 1 '-dimethylamino-^-methvnpropyn-phenvn-diseienide : BXT 51110 
[0086] 

[0087] The derivative BXT 51109 obtained in situ, by the method of Example 5/B from BXT 51112 (360 mg- 1 5 
mmoles) is d.ssolved under nitrogen in tart-butyl methyl ether (6 ml). Methyl para-toluenesulphonate (335 mg' 1 8 
mrnoles) is added, stirring is then continued for 24h at ambient temperature. Sodium hydroxide solution (1 N- 20 ml) is 
added, then the mixture is extracted with 2x20 ml of dichioromethane. The organic phases are combined, washed with 
20 mi of a saturated sodium chloride solution, dried over sodium sulphate and filtered. The solvent is evaporated under 
reduced pressure. The desired product is obtained as an orange oil after purification by liquid chromatography on a 
silica column (eluent gradient: cyclohexane-ethyl acetate 20/1 then methanol/triethylamine 100/1) 
Yield: 69 % 

Physical characteristics: 
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* NMR 1 H: (CD 3 OD) 

1.42 ppm (s; 6H); 2.05 ppm (s; 6H); 2.7 ppm <bs; 2H); 7.02 ppm (td;1H. J - 7.5 - 7.5 - 1.5 Hz); 7.14 PP m (td; 1H 

* NMR ^: fcDCW ^ J = ™ " ^ 7,89 ^ ^ J = " " 1 ' 5 

* mq^« J 41 * 53 ^ ? P T : 7 °' 51 PPm; 127 - 32 Ppm; 12750 P pm: 133 ' 92 PP m ' 137 ' 14 PP"; K6.85 ppm. 
MS: (FAB + ; para-nitrobenzyi alcohol) HH 

513 (MH + ; 20); 256 (100%); 154 (50%); 136 (40%). 

Example.8: Preparation of dig-g'-f 1 ^trime thyiammonlum^methynproovn-phenvll-disala nide di- 
paratoluenesulphonate : BXT 51111 : 

[0088] 




[0089] The preceding derivative (102 mg; 0.2 mmol) is dissolved in tert-butyl methyl ether (4 ml). Methyl para-tolue- 
nesulphonate (93 mg; 0.5 mmol) is added, then the mixture is refiuxed. After 24h, the reaction mixture, brought to 
ambient temperature, is diiuted with tert-butyl methyl ether (20 ml), then extracted with water (3x1 5 ml). The aqueous 
phases are combined and washed with tert-butyl methyl ether (1 0 ml). The water is evaporated under reduced pressure 
The desired product is obtained first as an orange oil. For the crystallisation, the oil is.taken up into ethanol (1 ml), then 
ethyl acetate is added (20 ml). The suspension obtained is filtered and the precipitate washed with 2x5 mi of tert^utyl 
methyl ether. Thus the desired product is obtained as a yellow powder 
Yield: 48% 

Physical characteristics: 

* m.p.°C: 203°C (dec.) 

* NMR 1 H: (CD3OD) 

1.69 ppm (s; 6H); 2.35 ppm (s; 3H); 2.91 ppm (s; 9H); 4.10 ppm (s; 2H); 7.22 ppm (d; 2H, J = 8.5 Hz); 7.27 ppm 

S? . « < u \\'L S HZ): ™ PPm (W: 1H ' J = 8 " 8 * 15 Hz >: ™1 PPm (dd; 1H, J = 8 - 1.5 Hz); 7.69 ppm (d; 
2H, J = 8.5 Hz); 7.89 ppm (dd; 1 H, J = 8 - 1 .5 Hz). 

* NMR 13 C: (CD3OD) 

21 35 ppm; 31.01 ppm; 42.89 ppm; 56.27 ppm; 74.92 ppm; 127.31 ppm; 130.20 ppm; 130.35 ppm; 130.56 ppm; 
131.25 ppm; 131.45 ppm; 139.70 ppm; 142.09 ppm; 144.04 ppm; 145.69 ppm 

* MS: (FAB + , glycerol) 

713 ((M - Tos) + ; 30%); 271 (M++ - 2Tos; 50%); 256 (80%); 212 (100%);. 197 (85%); 130 (100%); 91 (50%). 
Example 9: Preparation of di r3-l2'-(1 '-amino -2'-methvl)propvn-2-thienvn diselenide : BXT 51099 
-[309CJ - - •■ ... . .... . ._ ... . . , sv 




N Preparation of2-bromo-3-bromomethyi-thiophene : 

[0091] This compound is prepared from 2-bromo-3-metbyl-thiophene (1.85 g; 10.4 mmoles) according to a method 
identical to that described in the literature by E. Campaigne and W.M. Lesuer (J.Am.Chem.Soc, 1949. 71, 333-335) 
and obtained as a colourless oil (2.45 g). The product is used as such in the next step. Yield : 95 % — 
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Physical characteristics : 

* NMR 1 H: (CDCI 3 ) 

4.43 ppm (s, 2H); 6.98 ppm (d, 1H, J=5.7 Hz); 7.24 ppm (d, 1H. J=5.7 Hz). 

B/ Preparation of 3-(2-bromo)-thienyl- acetohitrile : 

[0092] A round-bottomed flask, containing the preceding bromine derivative (2.10 g ; 8.2 mmoles) dissolved in meth- 
anol (8 ml), is cooled in a water bath. Under an inert atmosphere, sodium cyanide (0.610 g; 12.3 mmoles) is added all 
at once. The mixture is left for 4 hours, at ambient temperature. The solvent is evaporated under reduced pressure. 
The residue is taken up into 15 ml of water and extracted with 2 x 15 ml of dichloromethane. The organic phases are 
combined, washed with water, then with a saturated sodium chloride solution, dried over magnesium sulphate, then 
filtered. After evaporation of the solvent and chromatography on a silica column (eluent gradient pure cyclohexane, 
then cyclohexane/ethyl acetate (90/10)), the desired product is obtained as a pale yellow oil (1 05 q) 
Yield: 64% 

Physical characteristics : 

* NMR 1H: (CDCI 3 ) 

3.64 ppm (s, 2H); 7.01 ppm (d. 1H, J=5.8 Hz); 7.31 ppm (d, 1H, J=5.8 Hz). 

* NMR 13 C: (CDCI3) 

18.62 ppm (E); 112.28 ppm (E); 117.12 ppm (E); 127.50 ppm (O); 128.03 ppm (O); 129.80 ppm (P). 

* MS: (El; 70eV) 

203/201 (M + - ; 45); 122 (M-Br; 100); 98(60). 

C/ Preparation of 2-[3 , -(2-bromo)-thienyI]-2-methyl-propionitrile : 

[0093] To a suspension of NaH (0.140 g; 4 mmoles) in anhydrous DMF (1 ml), kept at - 10°C under an inert atmos- 
phere, is added slowly (- 5-10 minutes), a solution containing the preceding derivative (0.202 g ; 1 mmoie) and methyl 
iodide (0.570 g, 4 mmoles) in anhydrous DMF (1.5 ml). The reaction mixture is added at CPC for one hour, then at 
ambient temperature for about 2 hours. The residue is taken up into 10 ml of water and extracted with 2 x 10 ml of 
ethyl acetate. The organic phases are combined, washed with 3 x 1 0 ml of water, then with a saturated sodium chloride 
solution, dried over magnesium sulphate, then filtered. The desired product is obtained, after evaporation of the solvent 
as a yellow brown oil (0.240 g). It will be used as such in the next step. 
Yield : - quantitative 
Physical characteristics : 

* NMRiH:(CDCl 3 ) 

1.80 ppm (s, 6H); 6.94 ppm (d, 1H, J=5.9 Hz); 7.24 ppm (d, 1H, J=5.9 Hz). 

* NMR 13 C: (CDCI3) 

27.35 ppm; 33.68 ppm; 109.74 ppm; 122.97 ppm; 126.39 ppm; 126.54 ppm; 138.32 ppm. 

* MS: (El; 70eV) 

231/229 (M + *; 30); 216/214 (M-15; 70); 153/151 (M-Br; 45); 125/123 (42); 97 (100). 
Q/ Preparation of 2-[542--bra^ • ~ - ; . - - 

[0094] The derivative, prepared in Example 9/C, (0.230 g ; 1 mmoJe) is dissolved in anhydrous THF (1 ml), under 
nitrogen. A solution of aluminium hydride AJH 3 in anhydrous THF (1.5 M; 1.0 ml; 1.5 mmoles) is added slowly to the 
reaction mixture at ambient temperature. The mixture is refluxed for 2 hours. Brought to ambient temperature, the 
medium is first hydrolysed. with 1 to 2 ml of water, then with 2 ml of a 2N solution of HCI. After evaporation of solvents, 
the residue is taken up into 5 ml of a 2N solution of HCI and extracted with 3 x 10 ml of TBME. The aqueous phase is 
made alkaline (pH=12), then extracted with 3 x 6 ml of ethyl acetate. The organic phases are combined, washed with 
2 x 10 ml of water, then with a saturated sodium chloride solution, dried over magnesium sulphate, then filtered. The 
desired product is obtained after evaporation of the solvent, as a yellow oil (0.125 g). 
Yield : 53 % 

Physical characteristics: 

* NMR 1 H: (CDCI3) 

1.12 ppm (bs, -NH2); 1.38 ppm (s, 6H); 2.98 ppm (s, 2H); 6.84 ppm (d, 1H, J=5.B Hz); 7.16 ppm (d, 1H, J=5.8 Hz). 
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* NMR 13 C: (CDCI 3 ) 

26.38 ppm; 40.15 ppm; 52.19 ppm; 107.04 ppm; 125.61 ppm; 129.36 ppm; 145.17pprn. 

* MS: (CI; isobutane) 

236/234 (MH+; 100); 220/218 (M-NH2; 5); 154 (M-Bn 47); 125/123(12). 

BJ Preparation of 4,4-dimethyI-thieno-[3 1 2-e]-isoselenazine : 

[0095] To a solution of potassium selenocyanate (1 .0 g ; 6.9 mmoles) in anhydrous DMF (7 ml), is added the derivative 
prepared as in Example 9/D (0.702 g; 3 mmoles). To this solution, cooled to 5°C and under an inert atmosphere, are 

10 then added copper I iodide (0.570 g ; 3 mmoles), then triethylamine (0.900 g ; 9 mmoles). The reaction mixture rapidly 
becomes deeply coloured, and is thus kept stirred for 17 hours, at ambient temperature and under nitrogen. 70 ml of 
an aqueous sodium cyanide solution are added (0.560 g; 11.4 mmoles) such that the copper iodide is complexed out, 
thus facilitating the two phases. After decantation, the aqueous phase is extracted with 70 ml of ethyl acetate. The 
organic phase is washed with 5 x 50 ml of water, then with 2 x 50 ml of a saturated sodium chloride solution, dried over 

is magnesium sulphate, then filtered. The desired product is obtained after evaporation of the solvent and chromatography 
on a silica column (eluent cyciohexane/ethyl acetate (95/5)) as light yellow crystals (0.390 g). 
Yield : 56% 

Physical characteristics: 

20 * m.p. °C: 51 .6-51 .8 °C (hexane/ethyl acetate : 75/1 ) 
*- NMR 1 H: (CDCI3) 

1.21 ppm (s, 6H); 3.18 ppm (s, 2H); 3.29 ppm ( bs, -NH); 7.05 ppm (d, 1H, J=5.2 Hz); 7.27 ppm (d, 1H, J=5.2 Hz). 

* NMR 13 C: (CDCI a ) 

28.63 ppm (O); 33.69 ppm (E); 61.50 ppm (E); 119.78 ppm (E); 123.93 ppm (O); 127.18 ppm (O); 141.84 ppm (P). 
25 * NMR 77Se: (CH 3 SeCH 3 ) 
737.0 ppm. 

* MS: (El; 70 eV) 

233 (M~; 82); 204(79); 189(100); 124(22); 97(17). 



30 [0096] The product obtained BXT 51 097 is of the formula below : 



35 




40 F/Said 4,4-dimethylthieno-[3,2-e]isoselenazine derivative BXT 51 097 (0.114 g ; 0.50 mmoles), is dissolved in methanol 
(5 ml), at ambient temperature. To this solution cooled at 0°C, sodium borohydride is added (0.100 g; 2.5 mmoles). 
The reaction mixture is allowed to attain ambient temperature. After 15 to 20 minutes, the solvent is evaporated under 
reduced pressure. The residue, taken up into ethyl acetate, is washed 3-4 times with a saturated sodium chloride 
solution, Ihcridrieu -vol irfagrtooiUm su!pftat^ar.ri fH&r£cf. ^erlsvaporation' o* the Solvent under- reduced pressure; - 

■4C . . lite desired product- is obtained (BXT -5 10&S). as- a ysliow oil (0.080 g). 
Yield: 35%. 

Physical characteristics: 



* NMR 1 H: (CDCI3) 

so 1.34 ppm (s, 6H); 2.92 ppm (s, 2H); 6.96 ppm (d, 1H, J=5.4 Hz); 7.36 ppm (d, 1H, J=5.4 Hz). 

* NMR 13 C: (CDCI3) 

27.78 ppm; 41.08 ppm; 53.96 ppm; 119.73 ppm; 129.95 ppm; 131.07 ppm; 152.48 ppm. 

* NMR 77Se: (CH 3 SeCH 3 ) 
509.3 ppm 

55 * MS: (EI; 70eV) 

233 (M + 72; 65); 204 (65); 189 (100); 124 (30); 97 (27). 
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Example 10: Preparation of di r2-r2'-(1'-amino-2 , -methyl) propyn-3-thienvn-diselenide: BXT 51104 
[0097] 



A/ Preparation of 3-bromo-2-hydroxymethyl-thiophene: 

[0098] 2-(3-bromothienyl)carboxylic acid (7 g; 34 mmotes) is dissolved in 25 ml of anhydrous THE A solution of 
aluminium hydride AIH 3 in anhydrous THF (2 M; 42 ml; 84 mmoles) is added slowly at a temperature of 0°C. At the 
end of the addition, the reaction mixture is refiuxed for 3h. After cooling to 0°C, water (200 ml), then hydrochloric acid 
(1 N, 150 ml) are added. The mixture is decanted, and the aqueous phase extracted with 3 x 150 ml of tert-butyi methyl 
ether. The organic phases are combined, then washed with 150 ml of a saturated sodium chloride solution, dried over 
magnesium sulphate and filtered. The solvent is evaporated under reduced pressure. The desired product is obtained 
as a brown oil and is used as such for the next step. 
Yield: 95% 

Physical characteristics: 

* NMRiH:(CD 3 OD) 

4.69 ppm (s; 2H); 6.95 ppm (d; 1H, J = 5.2 Hz); 7.39 ppm (d; 1H, J = 5.2 Hz). 

* NMR 1 3C: (DMSO-d 6 ) 

57.80 ppm; 106.28 ppm; 126.11 ppm; 129.80 ppm; 141.15 ppm. 
* * MS: (Ei, 70 eV) 

194/192 (M*-; 80%); 177/175 (30%); 113 (50%); 98 (60%); 85 (100%). 

B/ Preparation of 3-bromo-2-chloromethyi-thiophene: 

[0099] The preceding derivative (6.2 g; 32 mmoles) is dissolved in anhydrous dichloromethane (180 ml). Thionyl 
chloride (5.7 g; 3.5 ml; 48 mmoles) is added slowly, then stirring is kept up foMBh at ambient temperature. The reaction 
mixture is poured into 200 ml of water, then decanted. The aqueous phase is extracted with 2 x 100 ml of tert-butyl 
methyl ether. The organic phases are combined, washed with a saturated sodium bicarbonate solution (200 ml), dried 
over magnesium sulphate and filtered. The solvent is evaporated off under reduced pressure. The desired product is 
obtained as a brown oil and is used as such for the next step. 
Yield: 90 % 

Physical characteristics: 

* NMR 1 H: (CDCl 3 ) 

.M5 pp.m^;^H); e.95 ppm. (d: 1H, J = 5.2 : !zV7-2ppm (d;-1H, J = 5.-2 Hz). . .-- ,-, . 

" *-- : -t4^R : '«G: (OBSI3)- •- ■-■„.- -. 

39.5 ppm; 112.5 ppm; 127.5 ppm; 131.0 ppm; 135.0 ppm. 

* MS: (El, 70 eV) 

212 (M+-; 35%); 177(100%); 96 (20%). 

CI Preparation of 2-(3-bromo)-thienyl-acetonitri!e: 

[0100] The preceding derivative (6 g; 28 mmoles) is dissolved in DMSO (100 ml). Sodium cyanide (2 g; 41 mmoles) 
is added, then stirring is kept up for 2h. The reaction mixture is poured into 200 ml of water. The mixture is extracted 
with 3 x 100 ml of tert-butyl methyl ether, then 2 x 100 ml of dichloromethane. The organic phases are combined, 
washed with 3 x 200 ml of water, dried over magnesium sulphate and filtered. The solvent is evaporated off under 
reduced pressure. The residue is taken up into 400 ml of cyclohexane and washed with 4 x 1 00 ml of water. The organic 
phase is dried over magnesium sulphate and filtered. The solvent is evaporated under reduced pressure. The desired 
product is obtained as a colourless oil after distillation of the residue in a Kugetrohr distillation apparatus (T = 200°C, 
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p = 0.1 mbar). 
Yield: 60% 

Physical characteristics: 

5 * NMR 1 H:(CDC! 3 ) 

3.84 ppm (s; 2H); 7.00 ppm (d; 1H, J = 5.2 Hz); 7.31 ppm (d; 1H, J = 5.2 Hz). 

* NMR 13 C: (CDCI 3 ) 

18.39 ppm; 112.29 ppm; 116.30 ppm; 126.37 ppm; 126.65 ppm; 130.92 ppm. 

* MS: (El, 70 eV) 

10 203/201 (M+-; 29%); 122 (100%); 98 (40%). 

D/ Preparation of 2-[2'-(3'-bromo-thienyl)]-2-methyl-propionitrile: 

[0101] This compound is obtained according to a method very similar to that of Example 9/C from the preceding 
is derivative as a yellow oil. 
Yield: 90% 

Physical characteristics: 

* NMR 1 H:(acetone-d 6 ) 

20 1.77 ppm (s;6H); 7.02 ppm (d; 1H, J = 5.2 Hz); 7.44 ppm (d; 1H, J = 5.2 Hz). 

* NMR 1 3 C :(CDCI 3 ) 

20.11 ppm; 33.90 ppm; 109.68 ppm; 122.15 ppm; 124.39 ppm; 133,21 ppm; 137.27pprn. 

* MS: (El, 70 eV) 

231/229 (M+-; 50%); 216/214 (100%); 189/187 (45%). 

25 

E/ Preparation of 2-[2*-{3 , -bromo-thienyf)]-2-methyl-propylamine: 

[0102] This compound is obtained according to a method very similar to that of Example 9/D from the preceding 
derivative as a pale yellow oil. 
30 Yield: 80% 

Physical characteristics: 

* NMR 1 H:(CDCI 3 ) 

1.10 ppm (bs; 2H); 1 .44 ppm (s; 6H); 3.06 ppm (s; 2H); 6.93 ppm (d; 1H, J = 5.2 Hz); 7.07 ppm (d; 1H, J = 5.2 Hz). 
35 * NMR "» 3 C: (CDCI3) 

26.45 ppm; 40.76 ppm; 51.78 ppm; 105.89 ppm; 123.01 ppm; 133,26 ppm; 145.00 ppm. 

* MS: (CI, isobutane) 

236/234 (MH + ; 40%); 154 (25%); 93 (100%). 

40 F/ Preparation of 4,4-dimethyi-thieno-[2,3-e]-isoseIenazine: BXT 511 03 

[0103] This compound is obtained according to a method very similar to that of Example 9/E from the preceding 
derivative as a yellow oil, which crystallises at -20°C. 

J* Physical characteristics: *■ ■■ ■ ■ - • - :• - 

* m.p.°C: 31°C 

* NMR1H:(CDCI 3 ) 

1 .33 ppm (s; 6H); 3,20 ppm (s; 2H); 3.30 ppm (bs; 1 H); 6.68 ppm (d; 1 H, J = 5.3 Hz); 7.24 ppm (d; 1 H, J = 5.3 Hz), 
so * NMR 13 C: (CDC1 3 ) 

30.02 ppm; 34.16 ppm; 61.35 ppm; 119.64 ppm; 122.89 ppm; 124.57 ppm; 139.89 ppm. 

* NMR 77 Se: (CH 3 SeCH 3 ) 
727.0 ppm. 

* MS: (El, 70 eV) 

55 233 (M + *; 86%); 203 (10%); 189 (40%);153 (20%), 124 (40%); 77 (35). 

[01 04] The product obtained BXT 51 1 03 is of the formula below : 
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G/ The compound BXT 51104 of the invention is obtained, according to a method very similar to that of Example 9 
from said 4,4-dimemylthieno[2,3-ejiso-selenazine BXT 51103 derivative as a yellow oil. 

(Beware, the product dissolved in organic solvents, such as, for example dichloromethane, slowly oxidises to give the 
starting material BXT 51103.) 
Yield: 95% 

Physical characteristics: 

* NMR 1H: (CDCI 3 ) 

1.2 ppm (bs, 2H); 1.37 ppm (s t 6H); 2.93 ppm (s, 2H); 7.06 ppm (d, 1H, J = 5.3 Hz); 7.13 ppm (d t 1H, J=5.3 Hz). 

* NMR 13 C: (CDCI3) ' 
2714 ppm; 41.35 ppm; 53.44 ppm; 119.40 ppm; 122.51 ppm; 136.86 ppm; 151.71ppm. 

* NMR77Se:(CH 3 SeCH3) 
446.6 ppm. 

* MS: (CI, isobutane) 

469 (MH + ; 40%); 292 (20%); 276 (30%); 250 (30%); 234 (100%); 154 (30%). 

Example 11: Preparation of S-fN-acetY l-L-cvsteinvn-re-rZ-n 'amino^methylVpropyn-phenyri-selenide: 



[0106] The 4,4-dimethylbenzisoseienazine derivative BXT 51072 (226 mg; 1 mmole) (see Example 8 of WO-A- 
95/27706) is dissolved in anhydrous methanol (5 mi). ^acetylcysteine (163 mg; 1 mmol) is added. After a few seconds, 
a yellow precipitate is formed and stirring is continued for 20 min. The suspension obtained is filtered and this precipitate 
is washed with methanol (10 ml). The desired compound is obtained as very fine yellow crystals. 
Yield: 77% 

Physical characteristics: 

* m.p.°C: 155°C (dec.) 

* NMR 1H: (CD 3 OD) 

1X2 ppm (s; 6H); 1.86 ppm (s; 3H); 3.-04 ppm (dd ; 1 H, J = 1 4* - 9:5 Hz); 3,20^ ppm (m;. pcrtiallyrsuperirrjposed ivitl r - 
the peak: of CHD 2 Otj); 3:65 ppnii (d, i H, J = 13 Hz); 3: 9 T ppm Xd?iH, J = T3frtz); 4.f 9 ppm'(d& t 1H, J = 975-3.5 
Hz); 7.22-7.44 ppm (m; 3H); 8.11 ppm (rn; 1H). 

* NMR (CD3OD) 

22.62 ppm; 28.52 ppm; 28.86 ppm; 40.60 ppm; 40.73 ppm; 47.32 ppm; 56.20 ppm; 129.39 ppm; 130.01 ppm; 
130.30 ppm; 132.72 ppm; 135.14 ppm; 143.52 ppm; 173.42 ppm; 177.57 ppm. 

* MS: (FAB; glycerol) 

391 (MH + ; 96%); 228 (100%); 185 (100%); 150 (40%); 457 (20%). 



[0105] 
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Example 12: Preparation of S^jutgthion^^ BXT 51113 

[0107] 



Se— S-Gluthathion 

[0108] A solution of reduced glutathione (154 mg; 0.5 mmol) in 25 ml of aqueous ethanol (7/3 v/v) is added to a 
solution of 4,4-dimethylbenzisoselenazine BXT 51 072 (226 mg; 1 mmol) (see Example 8 of WO-A-95/27706) at ambient 
temperature. Stirring is kept up for 5 min.; then the solvent is evaporated under reduced pressure. The residue is taken 
up into 20 ml of aqueous methanol (1/2, Wv) is filtered. The filtrate is evaporated under reduced pressure then the 
residue is taken up a second time in aqueous methanol , filtered, and the solvent is evaporated under reduced pressure 
The desired product is obtained first as a very viscous oil, which crystallises slowly giving pale yellow crystals. 
Yield. 94 %j 

Physical characteristics: 

* m.p.°C: 175°C(dec.) 

* NMR 1H: (CD 3 OD /D 2 O f 1/1): 

1.43 ppm (s; 6H); 1.93 ppm (m; 2H); 2.32 ppm (m; 2H); 2.99 ppm (dd; 1H, J = 12 - 10 Hz); 3.25 ppm (dd- 1H J= 
13 - 4 Hz); 3.50 ppm (m; 4H); 3.68 ppm (d; 1H, J = 13 Hz); 4.70 ppm (dd; 1H, J = 10 -4 Hz); 7.14 - 7 57 ppm'mv 
3H); 7.94 ppm (m; 1H). 

* NMRiH^DCI/DjjO, 1N): 

1.25 ppm (s; 3H); 1.27 ppm (s; 3H); 1.83 ppm (m; 2H); 2.20 ppm (m; 2h); 2.87 ppm (dd; 1H, J = 14 - 9.5 Hz)- 3 08 
ppm (dd; 1H, J = 14 - 4.5 Hz); 3.27 ppm (d; 1H, J = 14 Hz); 3.41 ppm (d; 1H, J = 14 Hz); 3.65 ppm (s; 2HV 3 79 
ppm (t; 1H. J = 6.5 Hz)4.19 ppm (dd; 1H, J = 9.5 - 4.5 Hz); 7.0 - 7.2 ppm (m; 3H); 7.76 ppm (m; 1H). 
MS: (FAB, glycerol) 

551 (4%); 533 (M-H + ; 5%); 459 (10%); 306 (50%); 275 (100%). 
II/ Examples of synthesis of compounds of general formula II: 
Series wherein R^ = hydrogen: 

Example 13: Preparation of bis-4(5Vr2-phenvl-4(5Vseleno-1H-imidazolel: BXT 51038 
[0109] 



HN^N 

r" ' 



N Preparation of 2-phenyM -[2'-(trimethylsilyl)ethoxymethyO-imidazoIe: 

[0110] This derivative is prepared from 2-phenyM H-imidazole (1.0 g; 6.9mmoles) and (trimethy(silyl)ethoxymethyl 
chlonde (1.33 g; 7.6 mmoles) according to method (1), described in the literature by TP. Demuth, Jr, et a!. (J. Org. 
Chem., 1 992. 57- 2963-65). The crude reaction product (2.8 g) is purified by chromatography on a silica column (eluent 
cyciohexane-ethyl acetate; 6/4). The desired product is obtained as a colourless oil (1 5 □) 
Yield: 80% ' 
Physical characteristics: 

* NMR 1H: (CDCI3) 
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-0.05 ppm (s, 9H); 0.87 ppm (t, 2H, J=10.50 Hz); 3.52 ppm (t, 2H. J=10.50 Hz); 5.26 ppm (s, 2H); 7.10 ppm (d 
1H, J=1.3 Hz); 7.12 ppm (d, 1H, J=1.3 Hz); 7.42 ppm (m, 3H); 7.75 ppm (m, 2H). 

* NMR 13 C: (CDCI 3 ) 

-1.29 ppm(O); 18.0 ppm (E); 66.93 ppm (E); 75.99 ppm (E); 121.96 ppm(O); 128.27 ppm(O); 129.23 ppm(O); 
129.56 ppm(O); 129.89 ppm (O); 131.46 ppm (O); 148.91 ppm (E). 

* MS: (Ei; 70eV) 

274 (M + *; 32); 216 (55); 158 (38); 73 (100). 

B/ Preparation of bis-5-[2-phenyl-1-[2'-(trimethylsilyl)ethoxymethyl]-5-seleno-imidazole3: 

[0111] A solution of selenium I chloride (0.114 g; 0.51 mmoles) in anhydrous dichioromethane (1 ml) is added drop- 
wise, at 35-40°C and with stirring, to a solution of the preceding derivative (0.140 g; 0.51 mmoles) in the same solvent 
(1 ml). After a few minutes at this temperature, the red reaction mixture becomes bright yellow-orange. Then the mixture 
is allowed to attain ambient temperature. After one night, the yellow solution is neutralised with the aid of a saturated 
sodium hydrogen carbonate solution, then extracted with ethyl ether. The organic phases are combined, washed with 
a saturated sodium chloride solution, then dried over magnesium sulphate. After evaporation of the solvent under 
reduced pressure, the residual product is purified by chromatography on a silica column (eluent: cyclohexane-ethyl 
acetate; 7/3). The desired product is obtained as a bright yellow paste (0.210 g). 
Yield: 58% 

Physical characteristics: 

* NMR 1 H: (CDCI 3 ) 

-0.05 ppm (s, 9H); 0.88 ppm (t, 2H, J=10.50 Hz); 3.53 ppm (t, 2H, J=10.50 Hz); 5.25 ppm (s, 2H); 7.29 ppm (s, 
1H); 7.46 ppm (m, 3H); 7.80 ppm (m, 2H). 

* NMR 13 C: (CDCI3) 

-1.40 ppm; 18.19 ppm; 66.70 ppm; 73.77 ppm; 118.26 ppm; 129.19 ppm; 129.56 ppm; 130.13 ppm; 130.65 ppm; 
140;39 ppm; 153.59 ppm. 

* MS: (CI; isobutane) 

707 (MH+; 37); 355 (50); 275 (100). 

CI Preparation of bis-4(5)-[2-pheny!-4(5)-seleno-1 H-imidazolej: 

[0112] The preceding selenide (0.528 g; 0.75 mmoles), in solution in 30mi of a mixture of aqueous hydrofluoric acid 
and acetonitrile (5/95), is refluxed (=80°C) for 22h. After being cooled, the reaction mixture is neutralised with the aid 
of sodium hydrogen carbonate. The aqueous phase is extracted 4 times with ethyl acetate-(v/v). The organic phases 
are combined, washed with a saturated sodium chloride solution, then dried over magnesium sulphate. After evapo- 
ration of the solvent under reduced pressure, the residual product is purified by chromatography on a silica column 
(eluent: cyclohexane-ethyl acetate; 6/4). The desired product is obtained as a yellow-orange solid (0.208 g). 
Yield: 62% 

Physical characteristics: 

* m.p.°C: 219-21 9.5°C (hexane/ethyl acetate : 1/1) 

* NMR 1 H: (CD3OD) 

•* - 7,2^ ppm (s, YK}; 7r43^pm {n\; 2Hj, 7.8S - : ppm^(n-.V2H):"'. "' : ~ ~' - '- " • ■- • • 

■*■ •-NMR u C:'tCI3gOD) b: -..-■.=• - -■ ■ ,- , 

122.83 ppm (E); 127.24 ppm (O); 130.47 ppm (O); 131.02 ppm (O); 131.12 ppm (E); 151.27 ppm (E). . 

* MS: (El; 70eV) 

446 (M +< ; 30); 224 (25); 149 (100); 
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Example 14: Preparation of bis-4(5Vrr2>(4'-c arbomethoxv^henvn-4(5V Se tenD.1 H-lmidazolel: BXT 51079 
[0113] 



HN - N 




OMe 



A/ Preparation of [2-[(4 , -carbomemoxy)phenyQ-1-[2^tf^ 

[0114] The preparation of the intermediate [1-(trimethylsi!yl)ethoxymethyl]-imida2oie«2-zinc chloride is carried out 
according to method (2), described in the literature by A. S. Bell, D. A. Roberts, and K. S. Ruddock (Tetrahedron Lett 
1988. 29(39), 5013-16), from Htrimethylsilyl)ethoxymethyMmidazole(6.075 g; 30.8 mmoles), (prepared according to 
method (1 ) already cited in Example 1 3/A), and anhydrous zinc chloride (5.0 g; 36.7 mmoles). The organozinc derivative 
thus obtained, is used directly for the following coupling reaction and is not isolated. 

I0 , 11 o 5 j The suspension of the preceding intermediate [1 -(trimethylsiiyl) ethoxymethyl]-imidazole-2-zinc chloride (55 
ml; 30.3 mmoles) in anhydrous THF, is treated under nitrogen, with palladium (0) tetrakistriphenylphosphine (0 4g- 
0.35mmoies), and methyl 4-brornobenzoate (4.6g; 21.6mmoles) in anhydrous THF (15 ml). The reaction mixture is 
heated one hour under reflux (~65-70°C), under nitrogen, then 8 additional hours, after addition of an excess of zinc 
chloride (8.8g; 61 mmoles). The reaction mixture is then treated in a similar mannerto the literature (2). After evaporation 
of the solvent under reduced pressure, the residual product is purified by chromatography on a silica column (eluent 
gradient: cyclohexane-ethyl acetate 85/15; then ethyl acetate-cyclohexane 95/5; then ethyl acetate-methanol 90/10) 
The desired product is obtained as a white solid (5.56 g). 
Yield: 90% 

Physical characteristics: 

* NMR iH: (CDCI 3 ) 

0.002 ppm (s, 9H); 0.94 ppm (t, 2H. J=8.60 Hz); 3.61 ppm (t, 2H, J=8.60 Hz); 3.94 ppm (s, 3H); 5.30 ppm (s 2HV 
7.15ppm(d,1H.J=1.42 Hz); 7.18 ppm (d, 1H, J=1. 42 Hz); 7.92 ppm (m symmetrical, 2H); 8. 12 ppm (m symmetrical,' 
2H). 

* NMR13 C :(CDC1 3 ) 

-1.3 ppm; 17.99 ppm; 52.55 ppm; 66.95 ppm; 75.93 ppm; 122.94 ppm; 129.16 ppm; 129.62 ppm; 130 38 DDnr 
130.73 ppm; 134.96 ppm; 148.017 ppm; 167.38 ppm. ' 

* MS: (EI; 70eV) 

332 (M~: 28); 289 (32); 274 (68); 170 (86); 73 (100). 

8/ ?reparatiorrof;bis-5-^ 

[0116] The desired product is obtained from the preceding derivative (4.6 g, 14 mmoles) and selenium I chloride (7.6 
g, 33.3 mmoles) in anhydrous dichioromethane (80 ml) in following the same procedure as that described in Example 
1 3/B (the temperature of addition of Se^ is 0° C in the present case). The desired product is obtained after purification 
by chromatography on an alumina column (eluent gradient : pure dichioromethane, then dichioromethane/ ethyl acetate 
90/10, then pure ethyl acetate, then ethyl acetate/ methanol 90/1 0), as a bright yellow solid (2 46 g) 
Yield: 43 % 

Physical characteristics: 

* NMR 1H: (CDC! 3 ) 

0.005 ppm (s, 9H); 0.95 ppm (t, 2H, J=9.0 Hz); 3.61 ppm (t, 2H, J=9.0 Hz); 3.96 ppm ( s, 3H); 5.32 ppm (s, 2H)- 

7.33 ppm (s, 1H); 7.96 ppm(m symmetrical, 2H); 8.15 ppm (m symmetrical, 2H). 

* NMR 13 C: (CDCl 3 ) 
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1.6 ppm; 18.26 ppm; 52.65 ppm; 53.75 ppm; 66.98 ppm; 73.86 ppm; 119.11 ppm; 129.39 ppm; 130.46 ppm; 131.45 
ppm; 134.60 ppm; 140.569 ppm; 152.47 ppm; 167.18 ppm. 

* MS: (FAB +; glycerol) 

823 (MH+: B5); 743 (M-Se.12); 543 (45); 375 (100). 

5 

Cf Preparation of bis-4(5)-[[2-(4'-carbomethoxy)phenyl3-4(5)-seleno-1 H-imidazole]: 

[0117] The preceding selenide (0.260 g ; 0.32 mmoles) is treated following the same method as that described in 
Example 13/C. The desired product is obtained after purification by chromatography on an alumina column (eluent 
10 gradient ethyl acetate/methano! (0.5 %, then 1 %) as a yellow orange solid (0.108 g) 
Yield: 60 % 

Physical characteristics: 

* NMR 1H: (CD 3 OD) 

is 3.94 ppm (s, 3H); 7.35 ppm (bs, 1H); 7.97 ppm (m symmetrical, 2H); 8.07 (m symmetrical, 2H) 

* NMR 13C: (CD3OD) 

52.90 ppm; 126.65 ppm; 126.88 ppm; 126.94 ppm; 131.55 ppm; 131.96 ppm; 135.16 ppm; 166.61 ppm- 
168.34ppm. 

* MS: (CI; isobutane) 

563 (MH + ; 2); 483 (M-Se, 1.8); 203(100). 

Example 15 : Preparation of bis-4(5Vr2-r(4 , -carboxyl)phenyn-4(5)-seleno-1 H-imidazolel: BXT 51043 
[0118] 

25 



30 



35 




[0119] The derivative BXT 51079 (0.080 g ; 0.14 mmoles), obtained in the preceding Example, is dissolved in anhy- 
drous THF (16 ml). To this solution cooled at 0°C is added an aqueous solution (8 ml) of lithium hydroxide (0.075 g, 
40 1.8 mmoles). The reaction is continued for 24 hours at ambient temperature. After the treatment of the crude reaction 
mixture, according to method (3) described in the literature by D. A. Evans et al., (Tetrahedron., 1 988. 17^ 5525-5540), 
the desired product is obtained as a yellow-green solid (0.154 g). 
Yield: 90% 

*'• Physical -ch'arac&i isticsT ■* • - .. . 

-•4-3 ■ ...... .. - . - • ... • k - ..• ■ "/.--■ .. .- 

* m.p.°C:- 230°C (dec) 

* NMR 1 H:(CD 3 OD) 

7.28 ppm (bs, 1H); 7.92 ppm (m, 2H); 8.05(m, 2H). 

* NMR 13 C: (CD3OD) 

so 126.21 ppm; 126.4 ppm; 126.6 ppm; 131.31 ppm; 132.58 ppm; 137.0 ppm; 140.0 ppm; 174.89 ppm; 
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imidazole! : BXT 51070 



[0120] 



■ Se n 



HN 




0 



o 



A/ Preparation of bis-5-[[2-(4'-carboxyl)phenyl]-1 -^'-(trimethylsilylJethoxy-rnethyO-S-seleno-imidazoIe]: 

[0121] The desired product is obtained from the derivative prepared in Example 14/A (2.1 g, 2.56 mmoles) in solution 
in anhydrous THF (20 ml), treated with an aqueous solution {10 ml) of lithium hydroxide (0.260 g, 12.3 mmoles) ac- 
^2 4 '"J 9 10 m6th0d a,ready cited - After a lyophilisation step, the compound is obtained as a yellow crystalline product 

Yield: quantitative 
Physical characteristics: 

* NMR 1 H: (CD 3 OD) 

-0.02 ppm (s, 9H); 0.92 ppm (t, 2H, J=7.7 Hz); 3.60 ppm (t, 2H, J=7.7 Hz); 5.42 ppm (s, 2H); 7.29 ppm (s, 1H); 
7.81 ppm (m symmetrical, 2H); 8.11 ppm(m symmetrical, 2H). 

* NMR 13 C: {CD3OD) 

1.6 ppm (O); 18.83 ppm (E); 67.80 ppm (E); 75.24 ppm(E); 120.43 ppm(E); 135.03 (O); 131.11(0); 132.69 ppm 
(E); 140.04(0); 140.89(E); 154,42 ppm (E); 174.52 (E). 

* MS: (FAB+; glycerol) 
795 (MH+; 10); 399 (100). 

B/ Preparation of bis-5-[[2-(4'carbosuccinimidyloxy)pheny!]-1 P'^trimethyl-silyOethoxymethylj-S-seleno-imidazoIe]. 

[0122] This derivative is obtained from the preceding product (0.400 g ; 0.5 mmoles) and N-hydroxysuccinlmide 
(0.115 g ; 1 mmole) according to method described in the literature by G. W. Anderson et al., (J. Am. Chem. Soc, 
1964, 86, 1839) and W. Konig and R. Geiger (Chem. Ber., 1973, 106, 3626). After 72 hours at 25 °C, the reaction 
mixture is treated in an identical manner to that described. The solvent is evaporated under reduced pressure, and the 
crude product is isolated, as a bright yellow-orange solid (0.495 g). 



* NMR1H:(CDCI 3 ) 

-0.015 ppm (s, 9H); 0.97 ppm (t, 2H, J=8.4 Hz); 2.94 ppm (bs, 4H); 3.66 ppm (t, 2H, J=8.18 Hz); 5.37 ppm (s, 2H); 
7.35 ppm (s, 1H); 8.09 ppm (m symmetrical, 2H); 8.27 ppm (m symmetrical, 2H). 

* MS: (FAB+; para-nitrobenzyi alcohol) 

990 (MH+; 14); 495 (MH+/2; 20); 439 (100). 

01 Preparation of bis-5-[2[4 , -carbo(2 ,, -(4 ,,, -methyl-piperazin-r-yl)ethoxyphenyl)]-5-seleno-1-p 
ethoxymethyl)-1 H-imidazole]: 



1/ Preparation of N-(2-hydroxyethyl)-N'- - methyl-piperazine: 

N-methyl-piperazine (10 g, 100 mmoles) and 2-chloroethanol (8.5 g,100 mmoles) are stirred at 100 °C for 4 




[0123] 
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hours 250 ml of acetone are added to the very viscous reaction mixture and the resulting suspension is neutralised 
with 15 ml of tnethylamme. After filtration of the triethylammonium chloride, the solvent is evaporated under reduced 
pressure The desired compound is obtained after purification by chromatography on an alumina column (eluent: 
ethyl acetate) as a colourless oil. 
Yield: 75 % 

Physical characteristics: 

* NMR 1H: (CDCI 3 ) 

2.20 ppm(s, 3H); 2,39 ppm(m, BH); 2.46 ppm(t, 2H, J=5.5 Hz); 3.41 ppm(b Sl 1H); 3.54 ppmft 2H, J=5.5 Hz) 

2/ - Preparation of b!s-5-[2[4 , -rarbo(2 u -(4 n ^memyl^iperazjnr , -yI>ethoxyphenyll-5-seleno- 1-[2-(trimethylsiiyl) 
ethoxymethyl)-1H-imidazole]. ~ " 

N-hydroxysuccinimide ester, prepared in Example 17/B (0.270 g, 0.275 mrnoles) and dissolved in a minimum 
of anhydrous THF (2 ml), is mixed with N-2-hydroxyethyl-N'-methylpiperazine (2.15 g, 3.5 mrnoles), used here as 
solvent. After addition at ambient temperature of titanium tetraisopropoxide (0.055 ml. 0.1 37 mrnoles), the reaction 
rmxture is heated at 80° C for 2 hours. Once the reaction has finished, the THF present in the medium is evaporated 
then the excess of alcohol is distilled off under reduced pressure (T = 90-100°C/p=0.2 mmHg). The residue is 
finally purified by chromatography on a basic alumina column - activity I (eluent ethyl acetateAnethanol 95/5) A 
bright yellow product is isolated (0.113 g). 
Yield: 40% 

Physical characteristics: 

* NMR1H:(CDCI 3 ) 

-0.041 ppm (s, 9H); 0.89 ppm (t, 2H, J=8.14 Hz); 2.31 ppm (s, 3H); 2.62 ppm(m, 8H); 2.83 ppm (t, 2H, J=5.4 
Hz); 5.39 ppm (s, 2H); 7.30 ppm (bs, 1H); 7.92 ppm (m symmetrical, 2H); 8.16 ppm(m symmetrical, 2H) 

* NMR 13 C: (CD3OD) h 

-1 .30 ppm(O); 1 8.86 ppm(E); 45.90 ppm(O); 53.82 ppm(O); 55.71 ppm(E); 57.66 ppm(E); 63.64 ppm(E)* 67 90 
(E); 75.18 (E); 121.0 ppm(E); 130.59 ppm(O); 131.36 ppm(O); 132.99 ppm(E); 135.45 ppm(E); 140.38 ppm 
(O); 153.41 ppm(E); 167.51 ppm(E). 

* MS: (FAB+, glycerol) 

1047 (MH + ; 3.5); 525(MH"72; 80); 445 (MH+/2-Se, 58) 

D/ Preparation of bis-4(5)-[2[4'-carbo(2 n (4" , methyI-piperazin- 1"-yI)ethoxy phenyf]-4(5)-seieno-1H-imidazole]. 

[0124] The preceding seienide (0.143 g, 0.137 mrnoles) in solution in 14 ml of a mixture of aqueous hydrofluoric acid 
and acetonitrile (5/95) is refluxed (~ 80°C) for 20 hours. After being cooled, the reaction mixture is treated in the same 
way as that described in Example 13/C. After having evaporated the solvent under reduced pressure, the residue is 
then purified by chromatography on a basic alumina column - activity I (eluent gradient : ethyl acetate/methanol 95/5, 
then ethyl acetate/methanol 90/10). The desired product is obtained as a bright yellow paste (0 049 g) 
Yield: 45% 

Physical characteristics: 

* NMR iH: (CD3OD) 

2.2o ppm (s, 3H); 2.50 ppm(n. t GH); 2.82 ppm (t, '2H t J=£,;4 Hz); 4,48-ppm A V,2H); 7.33 ppnrflj^H); 7.97 ppm (m ~ 
symmetrical, ^Hj; 8:10 ppm (m symmetrical; 2H). " 

* NMR 1 3C:(CD 3 OD) 

45.67 ppm(O); 53.90 ppm(O); 54.91 ppm(E); 56.66 ppm(E); 62.89 ppm(E) ; 126.26 ppm(E); 126.53 ppm(O); 1 30.35 
ppm(O); 130.62 ppm(E); 134.15 ppm(E); 149.35 ppm(O); 166.39 ppm(E); 177.52(E). 

* MS: (FAB+, glycerol) 

785 (MH + ; 4); 393(MH + /2; 33) 



27 



EP0 850 324 B1 

Series wherein ?* hydrogen: 

Example 1 7: Preparation of bis-542>r(4 , -trifluQromethvi)phenvn-5-se(eno-1-methvl-irnidazole): BXT 51 045 
[0125] 




A/ Preparation of 2-[(4'-trifluoromethyl) phenyl]- 1-methyl-imid azole: 

[0126] The preparation of the intermediate 2-(tributyfstann^)-1-memyl-imidazole is carried out according to method 
described by K. C. Molloy. et ah, (J. of Organomet. Chern., 1989, 365 61-73), from 1-methylimidazole (0.16 ml; 2 
mmoles) and tributyltin chloride (0.56 ml; 2 mmoles). The stannyl derivative thus obtained is used directly for the 
following coupling reaction and is not isolated. 

[0127] A solution of the preceding 2-(tributyistannyl)- 1-methylimidazole (5 ml; 2 mmoles) in anhydrous THF is added, 
dropwise under argon, onto a suspension of dichlorobis(triphenylphosphine) palladium.(ll) (0.120 g; 0.17 mmoles) and 
4-bromo-trifluoromethylbenzene (0.23 ml; 1.7 mmoles) in m-xyiene (4 ml). The reaction mixture is refluxed (« 120°C), 
under argon, for 20h. After having been washed with the aid of an aqueous solution of potassium fluoride, the reaction 
mixture is extracted 4 times with ethyl ether (v/v). The organic phases are combined, washed with a saturated sodium 
chloride solution, then dried over magnesium sulphate. After evaporation of the solvent under reduced pressure, the 
residual product is purified by chromatography on a silica column (eluent gradient: cyclohexane-ethy! acetate 30770; 
then ethyl acetate 100; then ethyl acetate/methanol 95/5). The desired product is obtained as a beige solid (0 223 □)' 
Yield: 58% 

Physical characteristics: 

* m.p.°C: 115-116 3 C (ethyl acetate) 

* NMR 1H: (CDCI 3 ) 

3.79 ppm (s, 3H); 7.02 ppm (d, 1H; J=1.15 Hz); 7.16 ppm (d, 1H; J=1.15 Hz); 7.74 ppm (m symmetrical, 4H). 

* NMR 13 C: (CDCI3) ' 
34.89 ppm (O); 123.68 ppm (O); 125.99 ppm (O); 126.03 ppm (E) (q, 2j c . F = 32 Hz); 128.02 ppm (O) (q, 1J C F = 
207 Hz); 129.28 ppm (O); 129.54 ppm (O); 130.65 ppm (E); 134.62 ppm (E). 

* MS: (EI, 70eV) 

225 (M+-; 100); 156(6); 145(5); 113 (8); 84 (14); 49 (18). 

B/ Pr epara-iion.-of bis-5-[2- [(4 , -tTflud'omethy^)p: .jsnyg^seforio/ t-msthy WmidjszGta]:- 

[0128] The desired product is obtained from the preceding derivative (0.198 g; 0.876 mmoles) and selenium I chloride 
(0.252 g; 1 .1 moles) in anhydrous dichioromethane in following the same procedure as that described in Example 13/B. 
The desired product is obtained after purification by chromatography on a silica column (eluent gradient : ethyl acetate/ 
cyclohexane 7/3, then pure ethyl acetate) as a yellow-orange solid (0.2123 g) 
Yield: 79% 

Physical characteristics: 



* m.p.°C: 168-169 °C (ethyl acetate; partial sublimation) 

* NMR ^H: (CDCI3) 

3.71 ppm (s, 3H); 7.34 ppm (s, 1H); 7.72-7.83 ppm (m, 4H). 

* NMR 13 C: (CDCI3) 

33.90 ppm (O); 118.81 ppm (E); 126.19 ppm (O); 126.22 ppm (E) (q, 2 J c . F = 32 Hz); 127.9 ppm (O) (q, 1J C - = 
235 Hz); 129.56 ppm (O); 134.29 ppm (E); 140.26 ppm (O); 151.05 ppm (E). 
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* NMR ^Se (CH 3 SeCH 3 ) 
401.6 ppm 

* MS: (El, 70eV) 

610 8); 450 (12); 305 (100). 

Example 1 8: Preparation of bis-5-r2-r(4'-carbomethoxy)phenyn-5-seten(>1^ethv{-imidazole1: BXT 51 047 



A/ Preparation of 2-[(4'-carbomethoxy)phenyQ- 1 -methyl-imidazole: 

[0130] This derivative is obtained by a coupling reaction between 2-(tributylstannyI)-1 -methyl imidazole(whose prep- 
aration is identical to that used in Example 17/A) in solution in THF (5ml ; 2.0 mmoles) and methyl 4-bromobenzoate 
(0.365 g; 1.7 mmoles) in the presence of dichlorobis (triphenylphosphine) palladium (II) (0.060 g; 0.085 mmoles) ac- 
cording to the same method as that described in Example 18/A. The desired product is purified by chromatography on 
a silica column (eluent gradient: cyciohexane-ethyl acetate 30/70; then ethyl acetate 100; then ethyl acetate/methanol 
95/5). 

The desired product is obtained as a white solid (0.141g). 
Yield: 40% 

Physical characteristics: 

* m.p.°C : 133-134 °C (ethyl acetate) 

* NMR 1 H: (CDCI 3 ) 

3.77 ppm (s, 3H); 3.92 ppm (s, 3H); 6.99 ppm (d, 1H, J=1.22 Hz); 7.14 ppm (d, 1H, J=1.22 Hz); 7.72 ppm (m 
symmetrical, 2H); 8.10 ppm (m symmetrical, 2H). 

* NMR 13 C: (CDCI3) 

34.99 ppm(O); 52.55 ppm(O); 123.72 ppm(O); 128.95 ppm(O); 129.54 ppm(O); 130.32 ppm(O); 130.45 ppm(E); 
135.4 ppm(E); 147.25 ppm(E); 167.32 ppm(E). 

* MS: (El; 70eV) 

216 (M + '; 100); 185(29); 157(22) 

8/ Preparation of bis-5-[2-[(4'-carbomethoxy)phenyl]-5-selen a- 1 -methyl-imidazole] : 

[0131] A solution of selenium I chloride (6:30 g; 1 .3 mmoles) in anhydrous dichioromethahe (2.6 ml) is added drop- 
wise, at ambient temperature and.with stirring, to a solution of the preceding compound (0.280 g; 1.3 mmoles) in the 
same solvent (2.6 ml). After 17 h of reaction, the yellowish mixture is neutralised with the aid of a saturated sodium 
hydrogen carbonate solution, then extracted with ethyl ether. The organic phases are combined, washed with a satu- 
rated sodium chloride solution, then dried over MgS0 4 . After evaporation of the solvent under reduced pressure, the 
residual product is purified by chromatography on a silica column (eluent gradient : ethyl acetate/cyclchexane 80720; 
then pure ethyl acetate). 

[0132] The desired product is obtained as a bright yellow solid (0.204 g). 
Yield: 70% 

Physical characteristics: 

* m.p.°C: 196.5°C (ethyl acetate) 

* NMR1H:(CDCI 3 ) 

3.71 ppm (s, 3H); 3.96 ppm (s, 3H); 7.35 ppm (s, 1H); 7.75 ppm (m symmetrical, 2H); 8.15 ppm (m symmetrical, 2H). 



[0129] 
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* NMR 13 C: (CDCI 3 ) 

33,99 ppm (O); 52.65 ppm (O); 118.82 ppm (E); 129.14 ppm (O); 130.46 ppm (O); 131.21 ppm (E); 135.0 ppm 
(E); 140.28 ppm (O); 151.47 ppm (E); 167.10 ppm (E). 

* NMR 77 Se(D 2 0) 
402.3 ppm 

* MS: (CI; isobutane) 

591 (MH + ; 9); 511 (M-Se, 4); 311 (100); 296 (MH + /2. 45) 

Example 19: Preparation of biS'5-[2-f(4'-carbQxylVphenvl1-5'Seleno-1-methyt-imidazoie1 : BXT 51046. 



[0134} The derivative BXT 51047 (0.025 g ; 0.05 mmoles), obtained in Example 18/B, is dissolved in 0.5 ml of a 
mixture meth anal-water (3:1 ). Cooled to 5°C, an aqueous solution of lithium hydroxide In the same proportions as the 
two preceding solvents (0.030 g; 0.5 mmoles), is added to this suspension. After a 17-hour reaction, at this temperature, 
the yellow suspension obtained is treated according to method (3), already cited in Example 16. The residual product, 
taken up into a. minimum of methanol, is purified by chromatography on a silica column (eluent gradient: methanol/ 
ethyl acetate 40/60, then methanol/ethyl acetate 80/20). The desired product is obtained as a yellow solid (0.028 g). 
Yield: 92% 

Physical characteristics: 

* NMR 1 H: (CD3OD) 

3.76 ppm (s, 3H); 7.22 ppm (s, 1H); 7.67 ppm (m symmetrical, 2H); 8.11 ppm (m symmetrical, 2H) 

* NMR 13 C: (CD3OD) 

34.25 ppm (O); 119.7 ppm (E); 129.82 ppm (O); 131.02 ppm (O); 132.95 ppm (E); 139.58 ppm (O); 140.85 ppm 
(E); 153.54 ppm (E); 174.79 ppm (E). 

* NMR 77Se (D z O) 
402.3 ppm 



[0135] The operatory. protocols described below are non-limiting examples of applications of the method according 

"tu ihb -III Aii iticn. • ■ " •* ' '" - * " " • ' • • •*."".""" .... * "■ 

EXAMPLE 20 : MEASUREMENT OF THE GLUTATHIONE PEROXIDASE ACTIVITY OF COMPOUNDS OF 
GENERAL FORMULA I 

[0136] The glutathione peroxidase activity is determined by using a 50 mM HEPES buffer, pH=7.3 (at 37°C), con- 
taining 0.2 mM DTPA, 0.144 mM NADPH, 2.2 mM reduced glutathione (GSH) and 1.1 U/mt glutathione disuiphide 
reductase. This buffer further contains 110 U/ml catalase when hydrogen peroxide is not used as substrate. 
[0137] To 1.5 ml of the buffer described above, are added 100 uJ of an ethanolic stock solution of the compound 
tested or 1 00 u.l of absolute ethanol (blank). Each compound is tested at a final concentration of 10 jiM. The reaction 
medium is equilibrated for 2 minutes at 37°C. Then 50 jil of 6.6 mM tert-butyl hydroperoxide (t-BuOOH) in ultrapure 
water, or 3.3 mM hydrogen peroxide (H2O2) in ultrapure water are added. The glutathione peroxidase activity is deter- 
mined at 37°C by measuring the decrease of absorbance at 340 nm for 5 minutes. Said activity or initial enzymatic 
rate is proportional to the slope of the variation of absorbance with time. 

[01 38] The catalytic activity of oxygen reduction of the compounds tested corresponds to the rate of consumption of 



[0133] 




COOH 



II/ Activities: 
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NADPH in the absence of hydroperoxide. When this rate is significantly greater than that of the control, the correspond- 
ing glutathione oxidase activity can be checked by the direct measurement of the kinetics of consumption of the dis- 
solved oxygen with the aid of a Clark electrode. 

[0139] The results of the glutathione peroxidase activity measurements are shown in Table 1 below. They are ex- 
s pressed in nmoles of hydroperoxide reduced per minute. 



TABLE 1 



Glutathione peroxidase activity (in mmoies of hydroperoxide reduced/min) pH = 7.3; 37°C; [GSH] = 2 mM 




t-BuOOH 


H 2 0 2 


BXT-51079 


7.9 


13.9 


BXT-51099 


9.6 


31.1 


BXT-51104 


16.8 


44.7 


BXT-51108 


24.7 


46.8 


BXT-51110 


14.3 


n.d. 


BXT-51111 


12.9 


n.d. 


BXT-51125 


17.7 


n.d. 


n.d. = non-determined 



[0140] As shown in Table 1 the compounds of general structure I described in the present invention catalyze, in the 
presence of glutathione GSH, the reduction of hydrogen peroxide or that of an organic hydroperoxide. 

25 

EXAMPLE 21: INHIBITION OF THE TNF-cHNDUCED RELEASE OF INTERLEUKIN 8 BY ENDOTHELIAL CELLS 



[0141] It is well known to the person skilled in the art that the release of interfeukin 8 (IL8) causes a massive accu- 
mulation of activated neutrophils and thus participates in the inflammatory process and/or tissue degradation process 

30 (see Baggioiini M. era/. ; FEBS Letters. 307, 1, 97-101, 1992). 

[0142] Human endothelial cells are grown at 37° C in multi-well plates under a water-saturated atmosphere consti- 
tuted of a gaseous mixture of 95% air and 5% C0 2 . Their culture medium is constituted by a medium M 199 pH = 7.4 
containing 20% foetal calf serum, 2 mM L-glutamine, 100 U/ml penicillin, 100 u.g/ml streptomycin and 1% by volume 
of a medium supplement containing heparin and a growth factor for these cells. 

35 [0143] When the cells are close to confluence, they are incubated for one hour in the presence or in the absence of 
one of the tested compounds of formula (l). This compound of the invention is incorporated at 5 \iM in the culture 
medium containing 2% foetal calf serum, everything else being equal. After removal of the culture medium, the cells 
are incubated in the presence or in the absence (control) of TNF-a, at 1 ng/ml, in the same culture medium as before. 
In the case of ceils p re-treated with a compound of the invention, the medium further contains the same compound at 

4° 5 jiM. After three hours and thirty minutes of incubation, the interleukin 8 (IL-8) released into the culture medium is 
determined by ELISA. 

[0144] The results obtained are given in the annexed Figure 1. These results show that the incubation of the en- 
dothelial cells in the presence of TNF-a leads to an increase in the production of IL-8 in the culture medium, and that 
tne li-eatrneni orthe ceils, by the compuunds ofjorniula (I) inhibits this efTe^ .. - ~ 

« [0145] These results demonstrate that such compounds can act as TNF-a antagonists in terms of interleukin 8 re- 
lease by endothelial cells. 

EXAMPLE 22 : INHIBITION OF TNF-g-lNDUCED P- AND E-SE LECTIN EXPRESSIONS BY ENDOTHELIAL CELLS 



50 [0146] It has been shown that the initial phase of inflammation is mediated by adhesion molecules of the E- and/or 
P-selectin type (see ALB ELD A S.M. ef a/. f FASEB Journal, 8, 504-512, 1994). 

[0147] Human endothelial cells are grown under the same conditions as those described in Example 21. 
[0148] When the cells are close to confluence, they are incubated for one hour in the presence or in the absence of 
one of the tested compounds of formula (I). This compound of the invention is incorporated at 5 u,M in the culture 
55 medium containing 2% foetal calf serum, everything else being equal. After the removal of the culture medium, the . 
cells are incubated in the presence or in the absence (control) of TNF-a, at 1 ng/ml, in the same culture medium as 
before. In the case of cells pre-treated with a compound, the medium further contains the same compound at 10 u,M. 
After three hours and thirty minutes of incubation, the cells are washed with PBS buffer and they are fixed with 2% 
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formaldehyde in the same buffer. The P- and E- selectin expressions on the cells are then measured by an ELISA 
determination by successively incubating the cells in the presence of a mouse monoclonal antibody, anti-P-selectin 
and anti-E-se!ectin respectively, and a rabbit anti-mouse anti-antibody labelled with alkaline phosphatase. The quan- 
tification is carried out upon the addition of para-nitrophenyl phosphate whose hydrolysis is followed at 405 nm. 
5 [0149] The results obtained corresponding to the measurements of P- and E-selectin expressions are shown in the 
annexed Figures 2 and 3 respectively. These results show that the incubation of endothelial cells in the presence of 
TNF-a induces the expression of P- and E-selectin, which is inhibited by at least 75% and 90%, respectively, when 
the cells are treated with the tested compounds of formula (I). 

[0150] The results show that such compounds are capable of inhibiting the TNF-a-induced expression of cell adhe- 
10 sion molecules such as P- and E-selectin. 

[0151] The whole of these results show that the compounds of the invention having formula I: 



1/ catalyse the reduction of hydroperoxides in the presence of glutathione; 
21 antagonize the action of TNF-a; 
15 3/ inhibit the expression of cell adhesion molecules. 

[0152] TNF-a, as well as the expression of adhesion molecules such as P-and E-selectins, having been implicated 
in pathologies caused by an over-production of hydroperoxides, the molecules of the present invention of the general 
formula I therefore constitute valuable active principles and, after formulation, powerful drugs enabling the treatment 
20 of the corresponding pathologies. 



Claims 

25 1. Organoselenium compounds of general formula (I): 




(I) 



35 in. which : 

R = hydrogen ; -C(R 1 R 2 )-A-B ; 

R 1 = lower alkyl, straight or branched, having from 1 to 8 carbon atoms ; optionally substituted aryl ; optionally 
substituted lower aralkyl; wherein the term M aryr means an aromatic group selected from phenyl and naphthyl; 

40 wherein the term "substituted" concerning the terms tt aryl°, "aralkyl" means that the groups in question are 

substitued on the aromatic part with one or more identical or different groups selected from the groups : (C-,- 
C a )alkyl, trifiuoromethyl, (C^CgJalkoxy, hydroxy, nitro, amino, (C r C a )alkylamino, di(C r C a )alkylamino t sul- 
phoxyl, sulphonyl, sulphonarnide, sulpho{C 1 -C a )a!kyl, carboxyl, carbaikoxyl, carbamide (it being possible for 
3ato-(Ci -C 8 )alkyi groups to be linear or branched) or substituted with one or mote halogen atoms, and wherein 

'45 ■ ' ' "lower arali^^'-meana'ph^n^C^^^i^ or naphthyl(Ci-Cr B ) alkyl and heteroar(C 1 -C 8 ) alkyl; 

R 2 = lower alkyl, straight or branched, having from 1 to 8 carbon atoms ; optionally substituted aryl ; optionally 
substituted lower aralkyl; wherein the term "aryl" means an aromatic group selected from phenyl and naphthyl; 
wherein the term "substituted" concerning the terms "aryl", "aralkyl" means that the groups in question are 
substitued on the aromatic part with one or more identical or different groups selected from the groups : (C r 

50 C 8 )alkyl, trifiuoromethyl, (C 1 -C 8 )aikoxy, hydroxy, nitro, amino, (C^CgJalkylamino, di(C 1 -C a )alkylamino, sul- 

phoxyi, sulphonyl, sulphonarnide, sulphcK^-Ca) alkyl, carboxyl, carbaikoxyl, carbamide (it being possible for 
said (Cj-Cb) alkyl groups to be linear or branched) or substituted with one or more halogen atoms; 
A = CO;(CR 3 R 4 ) n 

B represents NR 5 R 6 ; N+RgRgRyY" OR 5 ; SR5 ; 
55 At = an optionally substituted phenyl group or an optionally substituted radical of formula: 
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in which 2 represents O ; S ; NRs ; when R = -C(R 1 R 2 )-A-B 
or 

Ar = a radical of formula 




in which 2 = O ; S ; NR 5 ; when R is hydrogen ; 

wherein "substituted" concerning the terms "phenyl", "radical" (5-membered, including 2) means that the 
groups are substituted on the aromatic part with one or more identical or different groups selected from the 
groups : (Cj-CaJalkyl, trifluorom ethyl, (C r C 8 )aikoxy, hydroxy, nitro, amino, (C r C 8 )alkylamino l di(C r C a ) 
alkylamino, sulphoxyi, sulphonyl, sulphonamide, suiphoCC^CaJalkyl, carboxyl, carbalkoxyl, carbamide (it be- 
ing possible for said {C^-C Q )a\ky\ groups to be linear or branched) or substituted with one or more halogen 
atoms, 

X = Ar(R)-Se- ; -S-gJutathione ; -S-N-acetylcysteine ; -S-cysteine ; -S-peniciilamine ; -S-albumin ; -S-glucose ; 




R 3 - hydrogen ; lower alkyl ; straight or branched, having from 1 to 8 carbon atoms ; optionally substituted 
aryl ; optionally substituted lower aralkyl; wherein the term "aryl" means an aromatic group selected from 
phenyl and naphthyl; wherein the term "substituted" concerning the terms "aryl", "aralkyl" means that the 
groups in question are substitued on the aromatic part with one or more identical or different groups selected 
from the groups : (C r C 8 )aIkyl, trifiuoromethyj, (C 1 -C a )alkoxy, hydroxy, nitro, amino, (C^aJalkyiamino, dKC,- 
C 8 )alkylamino. sulphoxyi, sulphonyl, sulphonamide, sulphoCC^aJalkyl, carboxyl, carbalkoxyl, carbamide (it 
being possible for said (C^CaJalkyl groups to be linear or branched) or substituted with one or more halogen 
atoms, and wherein "lower aralkyl" means phenyl(C r C a ) alkyl or naphthyl(C r Ca) a\ky\ and heteroar (C.-Co) 
alkyl; 

R 4 = hydrogen ; lower alkyl ; straight or branched, having from 1 to 8 carbon atoms ; optionally substituted 
aryl ; optionally substituted lower aralkyl; wherein the term "aryl" means an aromatic group selected from 
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phenyl and naphthyl; wherein the term "substituted" concerning the terms "aryl", "aralkyl" means that the 
groups in question are substrtued on the aromatic part with one or more identical or different groups selected 
from the groups : (C r C 8 )alkyl, trifluoromethyl, (C^CaJaikoxy, hydroxy, nitro, amino, (C r C a )a!kylamino, di(C r 
C 8 )alkylamino, sulphoxyl, sulphonyl, suiphonamide, sulpho(C r C 8 )alkyl, carboxyl, carbalkoxyl, carbamide (it 
being possible for said (C r C a )alkyl groups to be linear or branched) or substituted with one or more halogen 
atoms, and wherein "lower aralkyr means phenyl(C r C 8 ) alkyl or naphthyl(C r C 8 ) alkyl and heteroarfC^-Cg) 
alkyl; 

R 5 = hydrogen ; lower alkyl ; optionally substituted aryl : optionally substituted lower aralkyl ; optionally sub- 
stituted heteroaryl ; optionally substituted lower heteroaralkyl ; CO(lower alkyl) ; CO(aryl); SO z (lower alkyl) ; 
S0 2 (aryl) wherein "lower" in "lower alkyl" or "lower aralkyl", or "lower heroaralkyP, or in "CO(lower alkyl)" or 
in "S02(lower alkyl)" means an alkyl group, straight or branched, having from 1 to 8 carbon atoms; the term 
"aryl" means an aromatic group selected from phenyl and napthyl groups, the term "heteroaryl" means a mono- 
or bicyclic aromatic group, each cycle, or ring, comprising five or six atoms and said cycle, or ring, or both 
cycles, or rings, including in its carbon skeleton from one to three heretoatoms selected from nitrogen, oxygen 
and sulphun and the term "substituted" concerning the terms "aryl", "aralkyl", °heteroaryl n , "heteroaralkyl" 
means that the groups in question are substituted on the aromatic part with one or more identical or different 
groups selected from the groups : (C r C a )alkyl, trifluoromethyl, (C^CJalkoxy, hydroxy, nitro, amino, (C r C a ) 
alkylamino, di(C r C 8 )alkylamino, sulphoxyl, sulphonyl, suiphonamide, sulphofCVC^alkyl, carboxyl, carbal- 
koxyl, carbamide (it being possible for said (C,-C 8 )alkyl groups to be linear or branched) or substituted with 
one or more halogen atoms ; the terms "lower aralkyl" and "lower heteroaralkyl" means phenyl(C r Cg) alkyl 
or naphthyl(0,-C a ) alkyl and heteroar(C r C 8 ) alkyl respectively; 

R 6 = hydrogen ; lower alkyl, straight or branched having from 1 to 8 carbon atoms; optionally substituted aryl ; 
optionally substituted lower aralkyl; optionally substituted heteroaryl; optionally substituted lower 
heteroaralkyl ; the term "aryi" means an aromatic group selected from phenyl and napthyi groups, the term 
"heteroaryl" means a mono- or bicyclic aromatic group, each cycle, or ring, comprising five or six atoms and 
said cycle, or ring, or both cycles, or rings, including in its carbon skeleton from one to three heretoatoms 
selected from nitrogen, oxygen and sulphur; the term "substituted" concerning the terms "aryl, aralkyl, heter- 
oaryl, heteroaralkyl" meaning that the groups in question are substituted on the aromatic part with one or more 
identical or different groups selected from the groups : (C 1 -C 8 )alkyl, trifluoromethyl, (C r C a )aIkoxy, hydroxy, 
nitro, amino, (C^C ^alkylamino, difC-i-C^alkylamino, sulphoxyl, sulphonyl, suiphonamide, suipho(C r C 8 ) 
alkyl, carboxyl, carbalkoxyl, carbamide (it being possible for said (Cj-C^alkyl groups to be linear or branched) 
or substituted with one or more halogen atoms, the terms "lower aralkyl" and "lower heteroaralkyl" meaning 
phenyl (C 1 -C 8 ) alkyl or naphthyl (C r C 8 ) alkyl and heteroar (C r C 8 ) alkyl respectively ; 
R 7 = hydrogen ; lower alkyl, straight or branched having from 1 to 8 carbon atoms ; optionally substituted aryl ; 
optionally substituted lower aralkyl ; optionally substituted heteroaryl ; optionally substituted lower 
heteroaralkyl ; the term "aryl" means an aromatic group selected from phenyl and napthyi groups, the term 
"heteroaryl" means a mono- or bicyclic aromatic group, each cycle, or ring, comprising five or six atoms and 
said cycle, or ring, or both cycles, or rings, including in its carbon skeleton from one to three heretoatoms 
selected from nitrogen, oxygen and sulphur; the term "substituted" concerning the terms "aryi, aralkyl, heter- 
oaryl, heteroaralkyl" meaning that the groups in question are substituted on the aromatic part with one or more 
identical or different groups selected from the groups : (C,-C a )alkyl t trifluoromethyl, (C r C 8 )alkoxy, hydroxy, 
nitro, amino, (C r C a )aikylamino, di^i-CgJalkylamino, sulphoxyl, sulphonyl, suiphonamide, sulpho(C 1 -C a ) 
alkyl, carboxyl, carbalkoxyl, carbamide (it being possible for said (C r C 8 )alkyl groups to be linear or branched) 
or substituted v,;th one ut -mors halogen alums, the terms "lever eralky!" and* "lower heteroaralkyl" meaning 
phenyitC^-Ca) alkyl or naphmyl (C^Ca) a^ - ^ 

R a = hydrogen ; trifluoromethyl; lower alkyl ; straight or branched having from 1 to 8 carbon atoms ; optionally 
substituted aryl ; optionally substituted lower aralkyl ; optionally substituted heteroaryl ; optionally substituted 
lower heteroaralkyl ; the term "aryl" means an aromatic group selected from phenyl and napthyi groups, the 
term "heteroaryl" means a mono- or bicyclic aromatic group, each cycle, or ring, comprising five or six atoms 
and said cycle, or ring, or both cycles, or rings, including in its carbon skeleton from one to three heretoatoms 
selected from nitrogen, oxygen and sulphur; the term "substituted" concerning the terms "aryl, aralkyl, heter- 
oaryl, heteroaralkyl" meaning that the groups in question are substituted on the aromatic part with one or more 
identical or different groups selected from the groups : (C 1 -C 8 )alkyl, trifluoromethyl, (C-j-CaJalkoxy, hydroxy, 
nitro, amino, (C r C a )alkylamino, dKC^CgJalkylamino, sulphoxyl, sulphonyl, suiphonamide, sulphofC-j-C^ 
alkyl, carboxyl, carbalkoxyl, carbamide (it being possible for said (C,-C 8 )alkyl groups to be linear or branched) 
or substituted with one or more halogen atoms, the terms "lower aralkyl" and "lower heteroaralkyl" meaning 
phenyl (C r C 8 ) alkyl or naphthyl (CtCq) alkyl and heteroar (C r C Q ) alkyl respectively; 
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n = 0 or 1 ; 

X + represents the cation of a pharmaceutical ly acceptable base ; 
Y* represents the anion of a pharmaceutically acceptable acid ; 
and their salts of pharmaceutical^ acceptable acids or bases ; 

with the provisos that 

when 

R =-C(R 1 R 2 ).(CR 3 R4)-B with B =NR 5 Re or N + R s RgR 7 Y" 
and 

X = Ar(R)-Se- with Ar = optionally substituted phenyl, 

then 

-C^Rj) is different from (CR 3 R 4 ) ; 

and 
when 

/ 

Ar = phenyl and 

R -CCR-jRaJ-CCOJ-B with B=NH 2 or NHCH 3 or ISJHCH 2 C 6 H 5 or NHC 6 H 5 
and 

X = Ar(R)-Se-, 

uieii R-j-and Rj cannuL simultaneously rbprssoi 7* & methyl group _ - . 

An organoselenium compound of general formula (I), according to claim 1, selected from the group consisting in: 

the difa-PHr-amino^'-methyOpropyOphenyll-diselenide, 

the dl^^'-fr-amino^methyOpropyllphenyQ-diselenlde dihydrochioride, 

the di[2-[2*-(1 , -ammonium-2 , -methy I) propyl] phenyl]-diselenide di-paratoluenesulphonate, 

the dl[2-[2H1 , -arnino-2*-rnethyi)propyl]-4-rnethoxy]phenyl-diseIenide l 

the dl^-P'-fl-methylamino-Z-methyOpropyq-phenylj-diselenide, 

the di[2-[2'-(1 , -methyiamino-2 , -methyl)propyl]-phenyl]-diselenide dihydrochioride, 

the dip-^^l'-dlmethylamlno^'-methyOpropylj-phenyO-diselenlde, 

the dip-P'^r-trimethylammonium-Z-methyiJpropyQphenyQ-diselenide di-paratoluenesulphonate, 
the di [S-p'-O'-amino^-methyl) propyQ-2-thienyl] diselenide, 
- the di ^-[^-(r-amino-Z-rnethyl) propyl]-3-trpnyl]-diselenide t 

the S-fN-acetyl-L-cystBinyl^p-P-CI -amin^'-methylJ-propyQ-phenyll-selenide, 
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- the S-glutathionyl-[2-[2'-(1 -amino^'-methyO-propyO-phenyll-selenide, 

- thebis-4(5)-[2-phenyl-4(5)-seleno-1H-imidazole], 

- the bis-4(5)-[[2-(4'-carbomethoxy)phenylH(5)-selen[>-1 H-irnidazole], 

- the bis-4(5)-[2-[(4 , -carboxyl)phenyl]-4<5)-seleno.1H-{midazote], . 

- the bis-4(5)-[2-[4 , -cart)o(2"-(4 ,,, -methyl-plperazin-1 n -yl)ethoxyphenyl)]-4(5)-seleno-1 H-imidazole], 

- the bis-5-[2-[(4-trifluoromethyl)phenyl]-5-seleno-1-methyl-iniidazole] l 

- the bis-S-p-^'^rbornethoxyjphenyn-S-seleno-l-methyl-imidazole], 

- the bis-S-p-I^'-carboxyO-phenylJ-S-seleno-l-methyHmidazoIe]. 

Use of organoselenium compounds, of the general formula (I), 
according to claim 1 or 2, as antioxidants ; 

intended in particular to be added to preserving media of grafts for transplantation of organs of human or 

animal origin such as the heart, the liver, the kidney and the lungs; 

and 

in particular for the manufacture of pharmaceutical compositions with antioxidant activity, intended especially : 

* for treatments of any physio pathological condition in which an over-production of cytotoxic hydroperoxides 
contributes to the functional impairments of ceils or tissues ; and more particularly including : 

* the treatment of inflammatory and/or ischaemic cardio- and cerebrovascular pathologies, such as the 
preventive and/or curative treatment of arterial restenoses following an angioplasty, the preventive and/ 
or curative treatment of arterial stenoses following artery allografts, the treatment of intermittent claudi- 
cation in patients affected with obstructive ischaemia of the lower members, the treatment of cerebro- 
vascular accidents of ischaemic origin ; 

* the treatment of inflammatory and/or ischaemic digestive pathologies, such as the treatment of acute 
inflammations of the bowel (Crohn's disease, hemorrhagic rectocolitis) ; 

* the treatment of inflammatory and/or ischaemic respiratory pathologies, such as the treatment of adult 
respiratory distress syndrome (ARDS) and infant respiratory distress syndrome (IRDS) ; 

* the treatment of inflammatory and/or ischaemic ophthalmic pathologies, such as the treatment of 
glaucoma ; 

* the treatment of cataracts ; 

* the treatment of acute ophthalmic allergies ; 

* the treatment of impairments of the retina which are associated with a macular degeneration; 

* the treatment of viral infections causing an immuno-deficiency, such as the treatment of AIDS ; and 

* the treatment of post-radiotherapy fibroses. 

Use of organo selenium compounds, of the general formula (I), according to claim 1 or 2 f for the manufacture of 
pharmaceutical compositions intended for the treatment: 

* of inflammatory diseases of the bowel such as Crohn's disease or hemorrhagic rectocoJitis ; 

* of adult respiratory distress syndrome and infant respiratory distress syndrome ; 

* of cataracts ; 

* of AIDS; 

■* - of poet- ra-t: ^therapy: fibroses. • • - 

A pharmaceutical composition, notably having an antioxidant activity, characterized in that it comprises, as active 
ingredient, at least one organoselenium compound, of the general formula (I), according to claim 1 or 2, or one of 
its pharmaceutical^ acceptable salts of an acid or a base, optionally incorporated in a pharmaceutical ly acceptable 
excipient, carrier or vehicle. 

The pharmaceutical composition according to claim 5, characterised in that said organoselenium compound of the 
general formula (I) above, optionally as salt, is present in an amount between 0.1 and 5 % by weight, advanta- 
geously between 0.1 and 1 % by weight, based on the total weight of the composition. 

The pharmaceutical composition according to one of claims 5 or 6, characterized in that it is in the form of a unit 
dose comprising from 1 to 500 mg of at least one organoselenium compound of the general formula (I). 

The pharmaceutical composition according to any one of claims 5 to 7, characterized in that it is a pharmaceutical 
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composition for the treatment of any physiopathological condition in which an over-production of cytotoxic hy- 
droperoxides contributes to the functional impairments of cells or tissues ; this over-production of hydroperoxide 
can be due : 

to the activation of the intra-cellular metabolic pathways such as those of the flavine or cytochrome P-450 
oxygenases, those of the lipoxygenases, and those of the monoamine oxidases ; 

to the activation of enzymes contained in endothelial cells (xanthine oxidase, 1 5-Iipoxygenase) or in blood 
platelets (cyclooxygenase and 12-lipoxygenase) ; 
- to the activation, by cytokines such as TNF-a, of inflammatory and/or immune cells such as neutrophils, mac- 
rophages or lymphocytes ; 

to an intoxication by a free-radical generating xenobiotic ; 

to a voluntary irradiation, such as practised during a radiotherapy, or an accidental irradiation. 

The pharmaceutical composition according to any one of claims 5 to 6, characterized in that it is a pharmaceutical 
composition for the treatment of any physiopathological condition in which an over-production of cytotoxic hy- 
droperoxides contributes to the functional impairments of cells or tissues ; and more particularly : 

* for the treatment of inflammatory and/or ischaemic cardio- and cerebro-vascular pathologies, such as the 
preventive and/or curative treatment of arterial restenoses following an angioplasty, the preventive and/or 
curative treatment of arterial stenoses following artery allografts, the treatment of intermittent claudication in 
patients affected with obstructive ischaemia of the lower members, the treatment of cerebro-vascular accidents 
of ischaemic origin ; 

* for the treatment of inflammatory and/or ischaemic digestive pathologies, such as the treatment of acute in- 
flammations of the bowel (Crohn's disease, hemorrhagic rectocolitis) ; 

* for the treatment of inflammatory and/or ischaemic respiratory pathologies, such as the treatment of adult 
respiratory distress syndrome (ARDS) and infant respiratory distress syndrome (IRDS) ; 

for the treatment of inflammatory and/or ischaemic ophthalmic pathologies, such as the treatment of 
glaucoma ; 

* for the treatmeni of cataracts ; 

* for the treatment of acute ophthalmic allergies ; 

* for the treatment of impairments of the retina which are associated with a macular degeneration ; 

* for the treatment of viral infections causing an immuno-deficiency, such as the treatment of AIDS ; and 

* for the treatment of post-radiotherapy fibroses. 

Method of preparation of organoselenium compounds according to claim 1 or 2, of general formula (I), in which R 
= -C(R 1 R 2 )-A-B (R * H) ; characterised in that it comprises the following essential steps : 

a/ preparing or using an orthohalo(hetero)arylacetonitrile derivative, optionally mono-or gem- disubstituted in 
the benzylic position; then, according to the series considered : 

- for the preparation of said compounds of formula (I) in which A=(CR 3 R 4 ) n with n = 0 (A does not exist ): 
b1/ hydrolyzing said nltrile derivative into an amide derivative, 

Ci-i /"transforming this Into" ah' amine JuriVdiive by-a transposition recictibn according to^onventioriaK - 
"methods, 

d1-1/ allowing said amine derivative to react with a nucleophiiic selenium derivative, optionally gen- 
erated in situ, in the presence of a copper Cu(I) salt in a polar organic solvent, to lead to the corre- 
sponding (hetero)arylisoseienazoline derivative, 

e1-1/ optionally, N-alkylating or N-arylating or N-acylating or N-sulphonylating, according to conven- 
tional procedures, said (hetero)arylisoselenazoline derivative ; 

for the preparation of said compounds of formula (I) in which A = CO: 

b1/ hydrolyzing said nitrile derivative into an amide derivative, 

d-2/ allowing said amide derivative to react with a nucleophiiic selenium derivative, optionally gen- 
erated in situ, in the presence of a copper Cu(l) salt, in a polar organic solvent, to lead to the corre- 
sponding (hetero)arylisoseienazone derivative, 

d 1-2/ optionally, N-alkylating or N-arylating or N-acylating or N-sulphonylating, said (hetero)arylisose- 
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lenazone derivative; 

for the preparation of said compounds of formula (I) in which A = CH 2 : 

b2/ reducing said nitrile derivative into an amine derivative, with the aid of borane for example in an 
ethereal solvent such as tetrahydrofuran for exampie, 

c2/ allowing said amine derivative to react with a nucleaphilic selenium derivative, optionally generated 
in situ, in the presence of a copper Cu(l) salt in a polar organic solvent to lead to the corresponding 
(hetero)arylisoselenazine derivative, 

621 optionally, N-alkylating or N-arylating or N-acylating orN-sulphonylating, according to conventional 
procedures, said (hetero)ary!isoselenazine derivative; 

for the preparation of said compounds of formula (I) in which A = (CR 3 R 4 ) (?± CH 2 ): 

b3/ carrying out a mono- or a bis-C-alkylation of said nitrile derivative according to conventional meth- 
ods, with the aid of an orga no lithium derivative for example in an ethereal solvent such as tetrahy- 
drofuran; 

c3/ allowing the amine derivative obtained to react with a nucleophilic selenium derivative, optionally 
generated in situ, in the presence of a copper Cu(l) salt, in a polar organic solvent, to lead to the 
corresponding (hetero)arylisoselenazine derivative; 

d3/ optionally, N-alkylating or N-arylating or N-acylating orN-sulphonylating, according to conventional 
procedures, said corresponding (hetero)arylisoseienazine derivative; 

b/ reducing, in a polar solvent such as methanol, the cyclic compound obtained, according to any one of the 
above synthetic routes, with the aid of a metal hydride, such as sodium borohydride, intervening in an amount 
corresponding to a half-reducing equivalent ; for the preparation of said compounds of formula (1) in which X 
= Ar(R)-Se- ; 
or 

allowing said cyclic compound obtained according to any one of the above synthetic routes to react at 
ambient temperature, with the thiol compound corresponding to the values of X* Ar(R)-Se- t for the preparation 
of said compounds of formula (I) in which X* Ar(R)-Se-. 

Method of preparation of organoselenium compounds according to claim 1 or 2, of general formula (I) in which R 
= H ; i.e. of general formula (II) below : 



Se X 




characterised in that it comprises the following essential steps : 
a/ preparing or using a derivative of formula (HI): 
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(III) 



R 8 



N-alkylated, N-arylated, N-acylated or N-suIphonylated when 2 = NRg ; then, according to the series 
considered : 

- for the preparation of said diselenide compounds of formula (II) in which Rg = hydrogen : 

b1/ allowing said derivative of formula (II!) to react with an electrophilic selenium derivative, in a non- 
polar solvent; 

d/ if necessary, de-acylating or de-sulphonylating, according to usual procedures, the compound 



for the preparation of said diselenide compounds of formula (II) in which Rq = lower alkyl, optionally sub- 
stituted lower aralkyl, optionally substituted lower heteroaralkyl : 

b2/alkylating said derivative of formula (III) in position 2 in treating it firstly with an organolrthium base 
such as lithium diisopropylamide, then, with a halide, notably a lower alkyl, optionally substituted lower 
aralkyl or optionally substituted lower heteroaralkyl iodide ; 

c2/ allowing said alkyl derivative to react with an electrophilic selenium derivative, in a non-polar sol- 
vent; 

d27 if necessary, de-acylating or de-sulphonylating, according to usual procedures, the compound 
obtained ; 

- for the preparation of said diselenide compounds of formula (II) in which Rg = optionally substituted aryl, 
optionally substituted heteroaryl: 

b3/ treating said derivative of formula (111), in a non-polar organic solvent, in the presence of a strong 
base, with a a triaikyltin halide or a zinc halide in order to obtain the corresponding stannyl or zinc 
derivative then treating said stannyl or zinc derivative with a haloaromatic derivative, in the presence 
of palladium, in a non-polar organic solvent; 

c3/ allowing the compound obtained to react with an electrophilic selenium derivative, in a non-polar 
solvent; 

d3/ if necessary, de-acylating or de-sulphonylating, according to usual procedures, the compound 
obtained ; 

b/ if necessary, allowing said diselenide compound obtained according to any one of the above synthetic routes 
to react, in a polar solvent, with an adequate mercaptan ; in order to obtain the corresponding selenosulphide 



Patentanspruche 

1. Organoselenverbindungen der allgemeinen Formel (I) : 



obtained ; 




R 



(I) , 
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worin: 

R = Wasserstoff ; -C(R 1 R 2 )-A-B ; 

= nied.-Alkyl, gerade oder verzweigt, mrt 1 bis 8 Kohlenstoffatomen; gegebenenfalls substituiertes Aryl; 
gegebenenfalls substituiertes nied.-Aralkyl; wobei der Begriff "Aryl" eine aromatische Gruppe bedeutet. aus- 
gewahit aus Phenyl und Naphthyl; wobei der Begriff "substituiert" betreffend die Begriffe "Aryl", "AralkyT be- 
deutet, dass die fragiichen Gruppen an dem aromatischen Teii mrt einer oder mehreren identischen oder un- 
terschiediichen Gruppen substituiert sind, ausgewahltaus den Gruppen: (C^-CgJAlkyi, Trifluormethyt, (C r C a ) 
Alkoxy, Hydroxy, Nitro, Amino, (C^CaJAIkylamino, Di(C r C a )alkylamino, Sulfoxyi, Sulfonyl, Sulfonamid, Sulfo 
(C r C B )alkyl. Carboxyi, Carbalkoxyl, Carbamid (wobei besagte (C r C a )Alkyl gruppen gerade oder verzweigt 
sein konnen) oder substituiert miteinem oder mehreren Halogenatomen, und worin ,, nied.-Ara!kyl , ' Phenyl(C r 
C 8 )alkyl oder NaphthyiCC^CaJalky! und Heteroar^-CJaikyl bedeutet; 

R 2 = nied.-Alkyl, gerade oder verzweigt mit 1 bis 8 Kohlenstoffatomen; gegebenenfalls substituiertes Aryl; 
gegebenenfalls substituiertes nied.-Aralkyl; wobei der Begriff "Aryl" eine aromatische Gruppe bedeutet, aus- 
gewahlt aus Phenyl und Naphthyl; wobei der Begriff "substituiert" betreffend die Begriffe "Aryl", "Aralky'r be- 
deutet, dass die fragiichen Gruppen an dem aromatischen Teil mit einer oder mehreren identischen oder un- 
terschiedlichen Gruppen substituiert sind, ausgewahltaus den Gruppen: (C^-C^AIky!, Trifluormethyl, (C^-Ca) 
Alkoxy, Hydroxy, Nitro, Amino, (C r C 8 )Alkylamino, Di (^-CaJalkylamino, Sulfoxyi, Sulfonyl, Sulfonamid, Sulfo 
(CVCgJalkyl, Carboxyi, Carbalkoxyl, Carbamid (wobei besagte {C r C fi )Alkylgruppen gerade oder verzweigt 
sein konnen) oder substituiert mit einem oder mehreren Halogenatomen; 
A = CO; (CR 3 R 4 ) n ; ■ 
B fur NR S R 6 ; |srR 5 R e R 7 Y-; ORg; SR 5 steht; 

Ar = eine gegebenenfalls substituierte Phenylgruppe oder einen gegebenenfalls substituierten Rest der For- 
mel: 




. darstellt, worin Z fQr O; S; NRg steht; wenn R = -C^RsJ-A-B oder Ar = ein Rest der Formel 




vvo.in Z =*C; £; NR S ; waiiri-R V/asserstoff-darstelli; • ■•. ■ -< 

: worin "substituierT betreffend die BegilffB : ^ bedeutet, dass die 

Gruppen an dem aromatischen Teil mit einer oder mehreren identischen oder unterschiedlichen Gruppen 
substituiert sind, ausgewahlt aus den Gruppen: (C r C 8 )AIkyl, Trifluormethyl, (C r C 8 )Alkoxy, Hydroxy, Nitro. 
Amino, (C r C a ) Alkylamino, Di(C r C a )aIkylamino, Sulfoxyi, Sulfonyl, Sulfonamid, Sutfo(C r C 8 )alkyl, Carboxyi, 
Carbalkoxyl, Carbamid (wobei besagte (C 1 -C a )Alkylgruppen gerade oder verzweigt sein konnen) Oder sub- 
stituiert mit einem oder mehreren Halogenatomen, 

X b Ar(R)-Se; -S-Glutathion; -S-N-Acetylcystein; -S-Cystein; -S-Penicilfamin; -S-Aibumin; -S-Glucose; 
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I I 




R 3 = Wasserstoff; nied.-Alkyl, gerade oder verzweigt, mit 1 bis 8 Kohlenstoffatomen; gegebenenfalls substi- 
tuiertes Aryi; gegebenenfalls substituiertes nied.-Aralkyl; wobei der Begrlff "Aryl" eine aramatische Gruppe 
bedeutet, ausgewahlt aus Phenyl und Naphthyl; wobei der Begriff "substituiert" betreffend die Begriffe "Aryl", 
"Araikyl" bedeutet, dass die fraglichen Gruppen an dem aromatischen Teil mit einer oder mehreren identischen 
oderunterschiedlichen Gruppen substituiert sind f ausgewahlt aus den Gruppen: (C r C 8 )Alkyl, Trifluomnethyl, 
(C 1 -C a )AJkoxy, Hydroxy, Nitro, Amino, (C^CaJAIkylamino, Di (Cj-CaJalkyiamino, Sulfoxyl, Sutfonyl, Sulfon- 
amid, Sulfo^-CaJalkyl, Carboxyl, Carbalkoxyi, Carbamid (wobei besagte (C-i-C^Aikylgruppen gerade oder 
verzweigt sein konnen) oder substituiert mit einem oder mehreren Halogenatomen, und worin "nied.-Aralkyl" 
Phenyl(C r C 8 )alkyl oder Naphthyl (C^Ca) alkyi und Heteroar(C r C 8 )alkyl bedeutet; 

R 4 = Wasserstoff; nied.-Aikyi, gerade oder verzweigt, mit 1 bis 8 Kohlenstoffatomen; gegebenenfalls substi- 
tuiertes Aryl; gegebenenfalls substituiertes nied.-Aralkyl; wobei der Begriff "Aryl" eine aramatische Gruppe 
bedeutet, ausgewahlt aus Phenyl und Naphthyl; wobei der Begriff "substituiert" betreffend die Begriffe "Aryi", 
"Araikyl" bedeutet, dass die fraglichen Gruppen an dem aromatischen Teil mit einer oder mehreren identischen 
oderunterschiedlichen Gruppen substituiert sind, ausgewahlt aus den Gruppen: (C^CgJAIkyf, Trifiuorrnethyl. 
(C 1 -C 8 )Alkoxy, Hydroxy, Nitro, Amino. (C^CaJAIkylamino, DKCj-CaJalkyiamino, Sulfoxyl, Sulfonyl, Sulfon- 
amid, Sulfo(C r C B )alkyl, Carboxyl, Carbalkoxyi, Carbamid (wobei besagte (C 1 -C B )Alkylgruppen gerade oder 
verzweigt sein konnen) oder substituiert mit einem oder mehreren Halogenatomen, und worin "nied.-Aralkyl" 
Phenyl(C r C a )alkyl oder Naphthyl (C r Ca)alkyI und Heteroa^C^CJalkyi bedeutet; 

R 5 = Wasserstoff; nied.-Alkyl; gegebenenfalls substituiertes Aryl; gegebenenfalls substituiertes nied.-Aralkyl; 
gegebenenfalls substituiertes Heteroaryl; gegebenenfalls substituiertes nied.-Heteroaralkyl; CO (nied.-Alkyl); 
CO(Aryl); S0 2 (nied.-Alkyl); SQ 2 (Aryl); wobei "nied." in "nied.-Alkyl" oder "nied.-Ar-aikyl" oder "nied.-Hete- 
roaralkyl" oder in "CO(nied.-Alkyl)" oder in ,, S0 2 (nied.-Alky!) n eine Alkyl-Gruppe, gerade oder verzweigt, mit 
1 bis 8 Kohlenstoffatomen bedeutet; der Begriff "Aryl" eine aramatische Gruppe bedeutet, ausgewahlt aus 
Phenyl- und Naphthyl-Gruppen; der Begriff "Heteroaryl" eine mono- oder bicyciische aramatische Gruppe 
bedeutet wobei jeder Kreis oder Ring funf oder sechs Atome umfasst und besagter Kreis oder Ring oder 
beidtj Kreise oder Ringed inihrem Kuhieristoffgerustein bis dreriHeterratorhe,-ausgewahlraus Sticksloff/Sau- 
arsioffund Schwefel einschlteSsen;-und der Begriff "substituiert" betreffend 'd\e Begriffe' "Aryi", "Araikyr; n He- 
teraaryi", "Hetero araikyl" bedeutet, dass die fraglichen Gruppen an dem aromatischen Teil mit einer oder meh- 
reren identischen oder unterschiedlichen Gruppen substituiert sind, ausgewahlt aus den Gruppen: (G,-C a ) 
Alkyl, Trifiuorrnethyl, (C 1 -C 8 )AJkoxy, Hydroxy, Nitro, Amino, (C 1 -C a )Alkyiamino I Di(C 1 -C a )alkylamino, Sulfoxyl, 
Sulfonyl, Sulfonamid, SulfofCj-CsJalkyl, Carboxyl, Carbalkoxyi, Carbamid (wobei besagte (C,-C B )Alkylgrup- 
pen gerade Oder verzweigt sein konnen) oder substituiert mit einem oder mehreren Halogenatomen; die Be- 
griffe "nied.-Aralkyl" und "nied.-Heteroaralkyl" Pheny!(C 1 -C 8 )alkyl oder Naphthyl(C r C 8 )alkyl bzw. Heteroar 
(C r C 8 )alkyl bedeuten; 

Rq = Wasserstoff; nied.-Alkyl, gerade oder verzweigt, mit 1 bis 8 Kohlenstoffatomen; gegebenenfalls substi- 
tuiertes Aryl; gegebenenfalls substituiertes nied.-Aralkyl; gegebenenfalls substituiertes Heteroaryl; gegebe- 
nenfalls substituiertes nied.-Heteroaralkyl; wobei der Begriff "Aryi" eine aramatische Gruppe bedeutet, aus- 
gewahlt aus Phenyl- und Naphthyl-Gruppen, der Begriff "Heteroaryl" eine mono- oder bicyciische aramatische 
Gruppe bedeutet, wobei jeder Kreis oder Ring funf oder sechs Atome umfasst und besagter Kreis oder Ring 
oderbeide Kreise oder Ringe, in ihrem Kohlenstoffgerustein bis drei Heteroatome, ausgewahlt aus Stickstoff, 
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Sauerstoff und Schwefal einschliessen; der Begriff "substituiert" betreffend die Begriffe "Aryl", "Aralkyl", "He- 
teroaryl", "Heteroaralkyr bedeutet, dass die fraglichen Gruppen an dem aromatischen Teil mit einer oder meh- 
reren identischen oder unterschiedlichen Gruppen substituiert sind, ausgewahlt aus den Gruppen: (Cj-Cb) 
AJkyl, Trifluormethyl, (C r C 8 )AJkoxy, Hydroxy, Nrtro, Amino, {C r C a )A!kylamino t DKC^CgJalkylamino, Sulfoxyl, 
Sutfonyl, Sulfonamid, Sulto^-C^alky!, Carboxyl, Carbalkoxyl, Carbamid (wobei besagte (C r C 8 )AJkylgrup- 
pen gerade oder verzweigt sein konnen) oder substituiert mit einem oder mehreren Halogenatomen; die Be- 
griffe "nied.-Aralkyl" und "nied.-Heteraaralkyl" Phenyl(C r C a )alkyl oder Naphthyl(C.,-C 8 )alkyi bzw. Heteroar 
(C-j-CgJalkyl bedeuten; 

R 7 = Wasserstoff; nied.-AIkyl, gerade oder verzweigt, mit 1 bis 8 Kohlenstoffatomen; gegebenenfalis substi- 
tuiertes Aryl; gegebenenfalis substituiertes nied.-Aralkyl; gegebenenfalis substituiertes Heteroaryl; gegebe- 
nenfalis substituiertes nied.-Heteroaralkyl; wobei der Begriff "Aryl" eine aromatische Gruppe bedeutet, aus- 
gewahlt aus Phenyl- und Naphthyl-Gruppen, der Begriff "Heteroaryl" Bins mono- oder bicyciische aromatische 
Gruppe bedeutet, wobei jeder Kreis oder Ring funf oder sechs Atome umfasst und besagter Kreis oder Ring 
oder beide Kreis e oder Ringe, in ihrem Kohlenstoffgerust ein bis drei Heteroatome, ausgewahlt aus Stickstoff, 
Sauerstoff und Schwefel einschliessen; der Begriff "substituiert" betreffend die Begriffe "Aryl", "Aralkyl" , "He- 
teroaryl", "Heteroaralkyr bedeutet, dass die fraglichen Gruppen an dem aromatischen Teil mit einer oder meh- 
reren identischen oder unterschiedlichen Gruppen substituiert sind, ausgewahlt aus den Gruppen: (C,-C a ) 
Alkyl.Trffluormethyl, (C r C fl )Alkoxy, Hydroxy, N'rtro, Amino, (C r C 8 )Aikyianiino, Di(C r C a )alkylamino, Sulfoxyl, 
Sutfonyi, Sulfonamid, Suifo(C 1 -C a )alkyl, Carboxyl, Carbalkoxyl, Carbamid (wobei besagte (C,-C B )Alkylgrup- 
pen gerade oder verzweigt sein konnen) oder substituiert mit einem oder mehr Halogenatomen; die Begriffe 
"nied.-Aralkyl" und "nied .-Heteroaralkyr Phenyl(C r C 8 ) alkyl oder Naphthyl(C r Cg)alkyl bzw. Heteroar(C r C a ) 
aikyl bedeuten; 

R a = Wasserstoff; Trifluormethyl; nied.-AIkyl, gerade oder verzweigt, mit 1 bis 8 Kohlenstoffatomen; gegebe- 
nenfalis substituiertes Aryi; gegebenenfalis substituiertes nied.-Aralkyl; gegebenenfalis substituiertes Hete- 
roaryl; gegebenenfalis substituiertes nied.-Heteroaralkyl; wobei der Begriff "Aryl" eine aromatische Gruppe 
bedeutet, ausgewahlt aus Phenyl- und Naphthyl-Gruppen, der Begriff "Heteroaryl" eine mono- oder bicyciische 
aromatische Gruppe bedeutet, wobei jeder Kreis oder Ring funf oder sechs Atome umfasst und besagter Kreis 
oder Ring oder beide Kreise oder Ringe, in ihrem Kohlenstoffgerust ein bis drei Heteroatome, ausgewahlt aus 
Stickstoff, Sauerstoff und Schwefel einschliessen; der Begriff "substituiert" betreffend die Begriffe "Aryi, Aralkyl, 
Heteroaryl, Heteroaralkyr bedeutet, dass die fraglichen Gruppen an dem aromatischen Teil mit einer oder 
mehreren identischen oder unterschiedlichen Gruppen substituiert sind, ausgewahlt aus den Gruppen: (C,- 
C a )Alkyl, Trifluormethyl, (C r C 8 )Alkoxy, Hydroxy, Nitro. Amino, (C r C 8 )Alky1amino, Di(C r C a )alkylamino, Sul- 
foxyl, Sulfonyl, Sulfonamide, Sulfb(C 1 -C B )alkyl, Carboxyl, Carbalkoxyl, Carbamid (wobei besagte (C^CaJ-AI- 
kylgruppen gerade oder verzweigt sein konnen) oder substituiert mit einem oder mehreren Halogenatomen; 
die Begriffe "nied -Ar-aikyl" und "nied. -Heteroaralkyr Phenyl(C r C a )afkyl oder NaphthyKq-CJalkyl bzw. He- 
• teroarfC-j-C^-aikyl bedeuten; 




n = 0 oder 1 ; 

X + das Kation einer pharmazeutisch annehmbaren Base darstellt; 

Y- das Anion einer pharmazeutisch annehmbaren Saure darstellt; und ihre Salze von pharmazeutisch an- 
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nehmbaren Sauren oder Basen; unter den Bedingungen, dass: 
wenn 

R = -CfF^RaHCRaR^-B mit B = NF^Rg oder N + R 5 R 6 R 7 Y" und 
X = Ar(R)-Se mit Ar = gegebenenfalls substituiertes Phenyl, dann 
-CCR-jRj) unterschiedlich ist von (CR3R4); und 

wenn 

Ar = Phenyl und 

R = -CCR^^CfOJ-B mit B = NH 2 oder NHCH 3 oder NHCH 2 C 6 H 5 oder NHC6Hs und 
X = Ar<R)-Se-, dann konnen R 1 und R 2 nicht gleichzeitig eine Methyl-Gruppe darstellen. 

Organoselenverbindung der ailgemeinen Forme! (I) gemass Anspruch 1, ausgewahlt aus der Gruppe bestehend 
aus: 

dem Di[2-[2'-(1 , -amino-2'-methyl)propy(]phenyl]-diselenid l 

dem Di[2-[2 , -(1 , -amino-2'-methyl)propyl]phenyl]-diselenid-dihydrochlorid t 

dem Di[2-E2*-(1'-ammonium-2 , -methyl)propyl]phenyi3-diselenid-diparatoluolsulfanat t 

dem Dip-p-CI'-amino-^-methyOpropyO^methoxyjphenyldiselenid, 

dem Di[2-[2'-(1'-methy!amino-2 , -methyl)propyl]-pheny0-diselenid t 

- dem Di [2-[2'-(1 , -methylamino-2^methyl)propyl]-phenyl]-diselenid-dihydrochIorid, 
dem Di p-p'-CI'-dimethylamino-Z-methylJpropyQ-phenyil-diselenid, 

dem Di[2-[2'-(1 , -trimethylammoniunv2'-methy!)propyI]phenyI]-diselenid-di-paratoluolsulfonat, 

dem Difa-p'-fl-amino-Z-methylJpropyl^-thienyO-diselenid, 

dem Di[2-[2'-(1 , -amino-2 , -methyl)propyI]-3-triienyO-diselenid l 

dem S-^N-acetyl-L-cysteinyi^^-^'-CI'-amino^'-methyO-propyO-phenyO-selenid, 

- dem S-Glutathiony!-[2-[2 , -(1 , -amino-2 , -methy()-propyI]-phenyi]-selenid, 
dem Bis-4(5)-[2-phenyM<5)-seieno-1H-imidazo!] l 

dem Bis-4(5)-d2-(4'-carbomethoxy)pheny0-4(5)-seleno-1 H-imidazolJ, 

dem Bis-4(5)-[2-[(4 , -carboxyl)phenyl]-4(5)-seleno-1H-imidazof] I 

dem Bis^(5}-[2-[4 , -carbo(2 , X4 ,,, -methyl-pipei^n-r-yl)ethoxyphenyl)H(5)-seleno-^ 

- dem Bis-S-p-^'-trifluormethyOphenyll-S-seleno-l-methyiimidazoI], 

- dem Bis-5-[2-[(4 , -carbomethoxy)phenyl]"5-seleno-1-methylimidazo0, 
dem Bis-5-[2-[(4'-carboxyl)-phenyl]-5-seleno-1-methylimidazon. 

Verwendung von Organoselenverbindung en der ailgemeinen Formel (I) gemass Anspruch 1 oder 2 a is Antioxi- 
dantien; beabsichtigt insbesondere um zu Schutzmitteln von Trans plantaten fur Organtransplantationen mensch- 
Hchen oder tierischen Ursprungs wie dem Herzen, der Leber, den Nieren und den Lungen zugegeben zu werden; 
und insbesondere fur die Herstellung von pharmazeutlschen Zusammensetzungen mit Antioxidanz-Wirksamkeit, 
beabsichtigt besonders: 

* fur Behandlung en jedco pi lysibpair iijlugischen*Zubtsrids, in welchem t»ine Gberpi oduldion von uytotoxischen " [ 
Hydroperoxide*! zu den fUnktionellen BeeintrachtigUngen von Zelfen oder Geweben beifrigt; "und insbeson- 
dere einschliessend: 

* die Behandlung von entzundlichen und/oder ischamischen kardio- und cerebrovaskularen Pathologien, wie 
die preventive und/oder kurative Behandlung arterieller Restenosen infolge einer Angioplastie, die preventive 
und/oder kurative Behandlung von arteriellen Stenosen infolge von Arterie-Aliografts, die Behandlung von 
Claudicatio intermittens bei Patienten, welche von obstruktiver Ischamie der unteren Glieder betroffen sind, 
die Behandlung von cerebro-vaskularen Unfallen ischamischen Ursprungs; 

* die Behandlung von entzundlichen und/oder ischamischen digestiven Pathologien, wie die Behandlung akuter 
Entzundungen des Darms (Crohn-Krankheit, hamorrhagischer Rektokolitis); 

* die Behandlung von entzundlichen und/oder ischamischen Respirationspathologien, wie die Behandlung von 
"adult respiratory distress syndrome" (ARDS) und "infant respiratory distress syndrome" (IRDS); 

* die Behandlung von entzundlichen und/oder ischamischen ophthalmologischen Pathologien. wie die Behand- 
lung von Glaukom; 

* die Behandlung von Katarakten; 
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* die Behandlung von akuten ophthaimologischen Allergien; 

* die Behandlung von Beeintrachtigungen der Retina welche mit einer Makuladegeneraticn in Verbindung ste- 
hen; 

die Behandlung von Virusinfektionen, welche eine Immunschwache faewirken, wie die Behandlung von AIDS; 

und 

die Behandlung von Post-Radiotherapie-Fibrosen. 

Verwendung von Organoselenverbindungen der allgemeinen Formel (I) gemass Anspruch 1 oder 2 fur die Her- 
stellung von pharmazeutischen Zusammensetzungen, beabsichtigt fur die Behandlung: 

* von entzundlichen Erkrankungen des Damns wie Crahn-Krankheit oder hamorrhagischer Rektokolrtis; 

* von "adult respiratory distress syndrome" und "infant respiratory distress syndrome"; 

* von Katarakten; 

* von AIDS; 

von Post-Radiotherapie-Fibrosen. 

Pharmazeutische Zusammensetzung, vorwiegend mit einer Antioxidanz-Wirksamkett, dadurch gekennzeichnet, 
dass sie ais Wirkstoff mindestens eine Organoselenverbindung der allgemeinen Formel (I) gemass Anspruch 1 
oder 2 umfasst, oder eine ihrer pharmazeutisch annehmbaren Salze einer Saure oder Base, gegebenenfalis ein- 
geschlossen in einen pharmazeutisch annehmbaren Arzneimitteltrager, Trager oder Vehikei. 

Pharmazeutische Zusammensetzung gemass Anspruch 5, dadurch gekennzeichnet, dass besagte Organoselen- 
verbindung der allgemeinen Formel (I) oben, gegebenenfalis als Salz, in einer Menge zwischen 0,1 und 5 Gew.- 
%, vorteilhafterweise zwischen 0,1 und 1 Gew.-%, basierend auf dem Gesamtgewicht der Zusammensetzung 
vorhanden ist 

Pharmazeutische Zusammensetzung gemass einem der AnsprQche 5 oder 6, dadurch gekennzeichnet, dass sie 
sich in der Form einer Einheitsdosis befindet, welche 1 bis 500 mg von mindestens einer Organoselenverbindung 
der allgemeinen Formel (I) umfasst. 

Pharmazeutische Zusammensetzung gemass einem der AnsprQche 5 bis 7, dadurch gekennzeichnet, dass sie 
eine pharmazeutische Zusammensetzung fur die Behandlung von jedem physiopathologischen Zustand ist, in 
welchem eine Oberproduktion von cytotoxischen Hydroperoxiden zu funktionellen Beeintrachtigungen von Zellen 
und Geweben beitragt; diese Oberproduktion von Hydroperoxid kann 

der Aktivierung der intrazellularen, metabolischen Wage, wie jene der Flavin- oder Cytochrom-P-450-Oxy- 
genasen, jene der Lipoxygenasen und jene der Monoaminoxidasen; 

der Aktivierung von Enzymen, welche in endothelialen Zellen (Xanthinoxidase, 15-Lipoxygenase) oder in Blut- 
plattchen (Cyclooxygenase und 12-Lipoxygenase) enthalten sind 

der Aktivierung durch Cytokine, wie TNF-a, von Entzundungs- und/oder Immunzellen wie Neutrophilen, Ma- 
krophagen oder Lymphozyten; 

einer Intoxikation durch ein freie Radikale erzeugendes Xenobiotikum; 
■" einer freiwiilFgen-tTesirahiurig, wiesiewahiend einer Kadiutiiera pie praFCtiziertwird, oder einer verseheritlichen v 
Bestrahlung" 

zuzuschreiben sein. 

Pharmazeutische Zusammensetzung gemass einem der AnsprQche 5 bis 6, dadurch gekennzeichnet dass es 
eine pharmazeutische Zusammensetzung fur die Behandlung eines jeden physiopathologischen Zustands ist, in 
welchem eine Oberproduktion von cytotoxischen Hydroperoxiden zu der funktionellen Beeintrachtigung von Zellen 
oder Geweben beitragt und insbesondere: 

* fur die Behandlung von entzundlichen und/oder ischamischen kardio- und cerebrovaskutaren Pathologlen, 
wie die preventive und/oder kurative Behandlung arterieller Restenosen infolge einer Angioplastie, die pre- 
ventive und/oder kurative Behandlung von arteriellen Stenosen infolge von Arterie-Allografts, die Behandlung 
von Claudicatio intermittens bei Patienten, welche von obstruktiver Ischamie der unteren Glleder betroffen 
sind, die Behandlung von cerebro-vaskularen Unfallen ischamischen Ursprungs; 
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* die Behandlung von entzundlichen und/oder ischamischen digestiven Pathologien, wie die Behandlung akuter 
Entzundungen des Damns (Crohn-Krankheit, hamorrhagischer Rektokairtis); 

* fur die Behandlung von entzundlichen und/oder ischamischen Respirationspathologien, wie die Behandiung 
von "adult respiratory distress syndrome" (ARDS) und "infant respiratory distress syndrome" (IRDS); 

fur die Behandlung von entzGndlichen und/oder ischamischen ophthalmologischen Pathologien, wie die Be- 
handlung von Glaukom; 

* fur die Behandlung von Katarakten; 

* fur die Behandlung von akuten ophthalmologischen Allergien; 

* fur die Behandlung von Beeintrachtigungen der Retina, welche mit elner Makuladegeneration in Verbindung 
stehen; 

fur die Behandlung von Virusinfektionen, welche eine Immunschwache bewirken, wie die Behandlung von 
AIDS; und 

fur die Behandlung von Post-Radiotherapie-Fibrosen. 

10. Verfahren zur Herstellung von Organoselenverbindungen gemass Anspruch 1 Oder 2 der ailgemeinen Formel (1), 
worin R = -C(R 1 R 2 )-A-B (R * H); dadurch gekennzeichnet, dass es die fblgenden wesentlichen Schritte umfassfc 

a/ Herstellen oder Verwenden eines Orthohalogen(hetero)arylacetonitrilderivats, gegebenenfalls mono- oder 
gem-disubstituiert in der Benzyl-Position; dann, gemass der in Erwagung gezogenen Serie; 

fur die Herstellung von besagten Verbindungen der Formel (l), worin A = (CR 3 R 4 ) n mit n = 0 (A existiert 
nicht) : 

b1/ Hydroiisieren von besagtem Nitrilderivat zu einem Amidderivat, 

c1-1/ Umwandeln von diesem in ein Aminderivat durch eine Umsetzungsreaktion gemass herkomm- 
licher Verfahren, 

d1-1/ Eriauben, dass sich das besagte Aminderivat mit einem nucleophilen Selenderivat umsetzt, 
gegebenenfalls erzeugt in situ, In Anwesenheit von einem Kupfer-Cu(l)-Salz in einem polaren orga- 
nischen Losungsmittel, urn zu dem entsprechenden (Hetero)arylisoselenazolinderivat zu fuhren, 
e1-1/ gegebenenfalls N-Alkylieren oder N-Arylieren oder N-Acylieren oder N-Sulfonylieren des be- 
sagten (Hetero)aryiisoselenazo linden vats gemass herkommlicher Verfahren, 

fur die Herstellung von besagten Verbindungen der Formel (I), worin A = CO: 

bt/ Hydroiisieren von besagtem Nitrilderivat zu einem Amidderivat, 

d-2/ Eriauben, dass sich das besagte Amidderivat mit einem nucleophilen Selenderivat umsetzt, 
gegebenenfalls erzeugt in situ, in Anwesenheit von einem Kupfer-Cu(l)-Salz in einem polaren orga- 
nischen Losungsmittel, um zu dem entsprechenden (Hetero)arylisoselenazonderivat zu fuhren, 
d1-2/ gegebenenfalls N-Alkylieren oder N-Arylieren oder N-Acylieren oder N-Sulfonyiieren des be- 
sagten (Hetero)arylisoselenazonderivats; 

fur die Herstellung besagter Verbindungen der Formel (I), worin A = CH2: 

b2J Reduzieren des besagten Nitrilden vats izu ein em Aminderivat mit Hilfe von "Borah beispielsweise 
in einem etherischem Losungsmittel wie Tetrahydrofuran zum Beispiel, 

c2/ Eriauben, dass sich das besagte Aminderivat mit einem nucleophilen Selenderivat umsetzt, ge- 
gebenenfalls erzeugt in situ t in Anwesenheit von einem Kupfer-Cu(l)-Salz in einem polaren organi- 
schen Losungsmittel, um zu dem entsprechenden (Hetero)arylisoselenazinderivat zu fuhren, 
d2/ gegebenenfalls N-Alkylieren oder N-Arylieren oder N-Acylieren oder N-Sulfonylieren des besag- 
ten (Hetero)arylisoselenazinderivats gemass herkommlicher Verfahren 

fur die Herstellung besagter Verbindungen der Formel (l), worin A = (CR3R4) (> CH 2 ) : 

b3/ Durchfuhren einer Mono- oder einer Bis-C-Alkylierung des besagten Nitrilderivats gemass her- 
kommlicher Verfahren, mit Hilfe eines Organolithiumderivats beispielsweise in einem etherischen Lo- 
sungsmittel wie Tetrahydrofuran; 

c3/ Eriauben, dass sich das erhaltene Aminderivat mit einem nucleophilen Selenderivat umsetzt, ge- 
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gebenenfalls erzeugt in situ, in Anwesenheit von einem Kupfer-Cu(l)-Salz in einem polaren organi- 
schen Losungsmittei, urn zu dem entsprechenden (Hetero)arylisoselenazinderivat zu fuhren, 
d3/ gegebenenfalls N-Alkyiieren oder N-Aryiieren oder N-Acyiieren oder N-Sulfony Keren des besag- 
ten entsprechenden (Hetero)arylisoselenazinderivats gemass herkommlicher Verfahren; 

b/ Reduzieren der gemass einem derobigen synthetischen Wege erhaltenen cyclischen Verbindung in einem 
polaren Losungsmittei wie Methanol mit Hilfe eines Metallhydrids, wie Natriumborhydrid, intervenierend in 
einer Menge entsprechend einem halb-reduzierendem Aquivalent; fur die Hersteiiung der besagten Verbln- 
dungen der Formei (I).worin X = Ar(R)-Se-; oder 

Eriauben der besagten, gemass einem der obigen synthetischen Wege erhaltenen cyclischen Verbindung, 
sich bei Umgebungstemperatur mit der Thiol-Verbindung entsprechend den Werten von Ar(R)-Se- umzuset- 
zen, fur die Hersteiiung der besagten Verbindungen der Formei (I), worin Ar(R)-Se-. 

11. Verfahren zum HersteNen von Organoselenverbindungen gemass Anspruch 1 oder 2 der allgemeinen Formei (I), 
worin R = H; also der allgemeinen Formei (II) unten: 
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(II) ; 



dadurch gekennzeichnet, dass es die folgenden wesentiichen Schritte umfasst: 

30 

a/ Herstellen oder Verwenden eines Derivats der Formei (III): 
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(III) ; 



N-Alkyliert, N-Aryliert, N-Acyliert oder N-Suifonyliert wenn Z = NRg; dann, gemass der in Erwagung gezogenen 
Serien: 

• - fur die Hersteiiung besai^er Diseienidverb^ 

b1/ Eriauben, dass sich das besagte Derivat der Formei (III) mit einem elektrophilen Sefenderivat in 
einem nicht-polaren Losungsmittei umsetzt; 

c1/ falls notwendig De-acylieren oder De-sulfonyiieren der erhaltenen Verbindung gemass ublicher 
Verfahren; 

50 

fur die Hersteiiung besagter Diselenidverbindungen der Formei (I I), worin Rq = nied.-Alkyl, gegebenenfalls 
substituiertes nied.-Aralkyi, gegebenenfalls substituiertes nied.-Hetero-aralkyl: 

b2/ Aikylieren des besagten Derivats der Formei (III) in Position 2, indem man es zuerst mit einer 
55 Organolithiumbase wie Lithiumdiisopropylarnid, dann mit einem Haiid, insbesondere einem nied.-Al- 

kyl, gegebenenfalls substituiertem nied.-Aralkyl oder gegebenenfalls substituiertem nied.-Heteroaral- 
kyliodid behandelt; 

c2/ Eriauben, dass sich das besagte Aikylderivat mit einem elektrophilen Selenderivat in einem nicht- 
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polaren Losungsmittel umsetzt; 

d2/ falls notwendig, De-acylieren oder De-sulfonylieren der erhaltenen Verbindung gemass ublicher 
Verfahren; 

- fur die Herstellung von besagten Diselenidverbindungen der Formel (II), in welchen Rg = gegebenenfalls 
substituiertes Aryl, gegebenenfalls substituiertes Heteroaryl: 

b3/ Behandeln des besagten Derivats der Formel (III) in einem nicht polaren, organischen Losungs- 
mitte! in Anwesenheit einer starken Base mit einem Trialkylzinnhalid oder einem Zinkhalid, urn das 
entsprechende Stannyl- oder Zinkderivat zu erhalten, dann Behandeln des besagten Stannyl- oder 
Zinkderivats mit einem halogenaromatischen Derivat in Anwesenheit von Palladium in einem nicht 
polaren organischen Losungsmittel; 

c3/ Erlauben, dass sich die erhaltene Verbindung mit einem elektrophilem Selenderivat in einem nicht- 
polaren Losungsmittel umsetzt; 

d3/ falls notwendig De-acyiieren oder De-sulfonylieren der erhaltenen Verbindung gemass ublicher 
Verfahren; 

b/ falls notwendig, Erlauben, dass sich die besagte, gemass einem derobigen synthetischen Wege erhaltene 
Verbindung, in einem polaren Losungsmittel mit einem passenden Mercaptan umsetzt, um die entsprechende 
Selenosulfidverbindung zu erhalten. 



Revendications 

1. Composes d'organoselenium de formule geneYale (I) : 



dans laquelle : 

R = hydrogene ; -C(R 1 R 2 )-A-B; 

R 1 = alkyle inferieur, lineaire ou ramifie, ayant de 1 a 8 atomes de carbone ; aryle eventuellement substitue ; 
aralkyle inferieur eventuellement substitue ; ou le terme "aryle" signifie un groupe aromatique choisi parmi 
phenyle et naphtyle ; ou le terme "substitue" concemant les tennes "aryle", "aralkyle" signifie que les groupes 
en question sont substitues sur la partie aromatique par un ou plusleurs groupes identiques ou diflerents 
choisis parmi les groupes : alkyle en C.,-C 8 , trifluorornethyle, alcoxy en C,-C 8 , hydroxyle, nitro, amino, alkyle 
en C-pCg-amino, dialkyle en C 1 -C 8 -amino, sulfoxyle, sulfonyle, sulfonamide, surfoalkyle en Cj-Cg, carboxyle, 
carbalcbxyle, carbamide (lesdits groupes alkyle en C v C a pouvantetre linealres ou ramifies) ou substitues par 
un ou plusieurs atomes a'hdiogbne, wt ou "aialkyje rriteFieur^'sjgnrfls pheriyt-allcyle en'G r C 3 du naphtyl-alkyle* 
en Cy-Cg et heteroaryl-alkyie en C 1 -C a ; 

R 2 = alkyle inferieur, lineaire ou ramifie, ayant de 1 a 8 atomes de carbone ; aryle eventuellement substitue ; 
aralkyle inferieur eventuellement substitue ; ou le terme "aryle" signifie un groupe aromatique choisi parmi 
phenyle et naphtyle ; ou le terme "substitue" concemant les termes "aryle", "aralkyle" signifie que les groupes 
en question sont substitues sur (a partie aromatique par un ou plusieurs groupes identiques ou differents 
choisis parmi les groupes : alkyle en Cj-Ca, trifluorornethyle, alcoxy en C 1 -C 0I hydroxyle, nrtro, amino, alkyle 
en 0,-Cg-amino, dialkyle en C r C a -amino, sulfoxyle, sulfonyle, sulfonamide, surfoalkyle en C^Cg, carboxyle, 
carbalcaxyle, carbamide (lesdits groupes alkyle en C^-Cg pouvantetre lineaires ou ramifies) ou substitues par 
un ou plusieurs atomes d'halogene ; 
A = CO;(CR 3 R 4 ) n ; 

B represente NRsR 6 ; N + R 5 R 6 R 7 Y- ; OR 5 ; SR S ; 

Ar = un groupe phenyle eventuellement substitue ou un radical eventuellement substitue de formule : 
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ou Z represents O ; S ; NR5 ; quand R = -C(R 1 R 2 )-A-B 
ou 

Ar = un radical de formule 




dans laquelle Z - O ; S ; NR5 ; quand R est I'hydrogene ; 

ou "substitue" concemant les termes "phenyle", "radical" (a 5 chalnons, incluant Z) signifie que les groupes 
sont substrtues sur ia parte aromatique par un ou plusieurs groupes identiques ou differents choisis parmi les 
groupes : alkyle en C r C a , trffluoromehtyle, alcoxy en 0,-Cg, hydroxyle, nrtro, amino, alkyle en C r C 8 -amino, 
dialkyle en C r C 8 -amino ( sulfoxyle, sulfonyle, sulfonamide, sulfoalkyie en C,-C at carboxyte, carbalcoxyle, car- 
bamide (lesdits groupes alkyle en C r C a pouvant etre lineaires ou ramifies) ou substrtues par un ou plusieurs 
atomes d'halogene, 

X = Ar(R)-Se- ; -S-glutathion ; -S-N-acetytcysteine ; -S-cysteVme ; -S-peniciilamine ; -S-albumine ; -S-glucose ; 



c^nX^^ O^NH. B «inoacyle o^N^^ NH ' 



I 

amiooocyle 



NH-orainoacyie 




R 3 = hydrogene ; alkyle inferieur ; iineaire ou ramifie, ayant de 1 a 8 atomes de carbone ; aryle eventuellement 
substitue ; araikyle inferieur eventuellement substitue ; ou le terme "aryle" signifie un groupe aromatique choisi 
parmi phenyle et naphtyie ; ou le terme "substitue 0 concemant les termes "aryle", "araikyle" signifie que les 
groupes en question sont substrtues sur la partie aromatique par un ou plusieurs groupes identiques ou dif- 
ferent choisis parmi les groupes : alkyle en C r C 8 , trifluoromethyle, alcoxy en C r C Q , hydroxyle, nitro, amino, 
alkyle en C r C B -amino, dialkyle en C 1 -C a -amino. sulfoxyle, sulfonyle, sulfonamide, sulfoalkyie en C r C a , car- 
boxyle, carbalcoxyle, carbamide (lesdits groupes alkyle en C^C Q pouvant etre lineaires ou ramifies) ou subs- 
titues par un ou plusieurs atomes d'halogene, et ou "araikyle inferieur" signifie phenyl-alkyle en C r C a ou 
naphtyl-alkyle en 0,-Cq et heteroaryl-alkyle en C r C a ; 

R 4 = hydrogene ; alkyle inferieur ; iineaire cu ramifie, ayant de 1 a 8 atomes de carbone ; aryle eventuellement 
substitue ; araikyle inferieur eventuellement substitue ; ou le terme "aryle" signifie un groupe aromatique choisi 
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parmi phenyls et naphtyle ; oil le terme "substftue" concemant les termes "aryle", "aralkyle" signifie que les 
groupes en question sont substitues sur la partie aramatique par un ou plusieurs groupes identlques ou dif- 
ferents choisis parmi les groupes : alkyle en C^-Cg, trifluoromethyle, alcoxy en C^Cg, hydroxyle, nitro, amino, 
alkyle en C^Cg-amino. dialkyle en C^-Cg-amino, suffbxyle, sulfonyle, sulfonamide, sulfoalkyie en Cj-Cg, car- 
boxyle. carbalcoxyie, carbamide (lesdits groupes alkyle en C r C a pouvant etre lineaires ou ramifies) ou subs- 
titues par un ou plusieurs atomes d'halogene, et ou "aralkyle inferieur" signrfie phenyl-alkyle en C r C 8 ou 
naphtyl-alkyle en 0.,-Cg et heteroaryl-alkyle en C^-Cg ; 

R 5 = hydrogens, alkyle inferieur, aryle eventuellement substitue ; aralkyle inferieur eventuellement substitue ; 
heteroaryle eventuellement substitue ; heteroaralkyle inferieur eventuellement substitue ; CO(alkyle 
inferieur) ; CO(aryle) ; S0 2 (alkyie inferieur) ; S0 2 (aryle) ; ou "inferieur" dans "alkyle inferieur" ou "aralkyle in- 
ferieur", ou "heteroaralkyle inferieur", ou dans n CO(alkyle inferieur)" ou dans "SC^Calkyle inferieur)" signifie 
un groupe alkyle, lineaire ou ramifie, ayant de 1 a 8 atomes de carbone ; le terme "aryle" signifie un groupe 
aromatique choisi parmi les groupes phenyle et naphtyle, le terme "heteroaryle" signifie un groupe aromatique 
mono- ou bicyclique, chaque cycle, ou noyau, comprenant 5 ou 6 atomes et ledit cycle, ou noyau, ou les deux 
cycles, ou noyaux, comprenant dans leur squeletta carbone de 1 a 3 heteroatomes choisis parmi Pazote, 
I'oxygene et le soufre ; et le terme "substitue" concemant les termes "aryle", "aralkyle", "heteroaryle", "hete- 
roaralkyle" signifie que les groupes en question sont substitues sur la partie aromatique par un ou plusieurs 
groupes identiques ou differents choisis parmi les groupes : alkyle en C r C a , trifluoromethyle, alcoxy en C r 
C 8 , hydroxyle, nitro. amino, alkyle en C^Cg-amino, dialkyle en C^Cg-amino, sulfoxyle, sulfonyle, sulfonamide, 
sulfoalkyle en C,-C a , carboxyle, carbalcoxyie, carbamide (lesdits groupes alkyle en C r C 8 pouvant etre lineai- 
res ou ramifies) ou substitues par un ou plusieurs atomes d'halogene ; les termes "aralkyle inferieur" et "he- 
teroaralkyle inferieur" signifient phenyl-alkyle en C^-Cg ou naphtyl-alkyle en Cj-Cg et heteroaryl-alkyle en C r 
C 8 respectivement ; 

R s = hydrogene ; alkyle inferieur, lineaire ou ramifie ayant de 1 a 8 atomes de carbone ; aryle eventuellement 
substitue ; aralkyle inferieur eventuellement substitue ; heteroaryle eventuellement substitue ; heteroaralkyle 
inferieur eventuellement substitue ; le terme "aryle" signrfie un groupe aromatique choisi parmi les groupes 
phenyle et naphtyle, le terme "heteroaryle" signifie un groupe aromatique mono- ou bicyclique, chaque cycle, 
ou noyau, comprenant 5 ou 6 atomes et ledit cycle, ou noyau, ou les deux cycles, ou noyaux, comprenant 
dans leur squelette carbone de 1 a 3 heteroatomes choisis parmi 1'azote, I'oxygene et le soufre ; le terme 
"substitue" concemant les termes "aryle, aralkyle, heteroaryle, heteroaralkyle" signrfiant que les groupes en 
question sont substitues sur la partie aromatique parun ou plusieurs groupes identiques ou differents choisis 
parmi les groupes : alkyle en C 1 -C B , trifluoromethyle, alcoxy en C r C B> hydroxyle, nitro, amino, alkyle en C r 
Cg-amino, dialkyle en Cj-Cg-amino, sulfoxyle, sulfonyle, sulfonamide, sulfoalkyle en C 1 -C B , carboxyle, car- 
balcoxyie, carbamide (lesdits groupes alkyle en C r C a pouvant etre lineaires ou ramifies) ou substitues par 
un ou plusieurs atomes d'halogene, les termes "aralkyle inferieur" et "heteroaralkyle inferieur" stgnifiant phenyl- 
alkyle en C r C a ou naphtyl-alkyle en C r C a et heteroaryl-alkyle en C-j-Cg respectivement \ 
R 7 = hydrogene ; alkyle inferieur, lineaire ou ramifie ayant de 1 a 8 atomes de carbone ; aryle eventuellement 
substitue ; aralkyle inferieur eventuellement substitue ; heteroaryle eventuellement substitue ; heteroaralkyle 
inferieur eventuellement substitue ; le terme "aryle" signrfie un groupe aromatique choisi parmi les groupes 
phenyle et naphtyle, le terme "heteroaryle" signifie un groupe aromatique mono- ou bicyclique, chaque cycle, 
ou noyau, comprenant 5 ou 6 atomes et ledit cycle, ou noyau, ou les deux cycles, ou noyaux, comprenant 
dans leur squelette carbone de 1 a 3 heteroatomes choisis parmi I'azote, I'oxygene et le soufre ; le terme 
"substitue" concemant les termes "aryle, aralkyle, heteroaryle, heteroaralkyle" signrfiant que les groupes en 
question sora subsiitues sur ia partie aromatique par un ou plusieurs groupes identiques. ou difierentschoisis. ' 
parmi fes groupes : alkyle en C r C 8 , trifluoromethyle, alcoxy en C-j-Cg," hydroxyle, nitro, amino, alkyle en C 1 - 
C B -amino, dialkyle en C-j-Cg-amino, sulfoxyle, sulfonyle, sulfonamide, sulfoalkyle en CpCg, carboxyle, car- 
balcoxyie, carbamide (lesdits groupes alkyle en C 1 -C 6 pouvant etre lineaires ou ramifies) ou substitues par 
un ou plusieurs atomes d'halogene, les termes "aralkyle inferieur" et "heteroaralkyle inferieur" signrfiant phenyl- 
alkyle en 0.,-Cg ou naphtyl-alkyle en C 1 -C 8 et heteroaryl-alkyle en CpCg respectivement ; 
R 8 = hydrogene ; trifluoromethyle ; alkyle inferieur, lineaire ou ramifie ayant de 1 a 8 atomes de carbone ; aryle 
eventuellement substitue ; aralkyle inferieur eventuellement substitue ; heteroaryle eventuellement substitue ; 
heteroaralkyle inferieur eventuellement substitue ; le terme "aryle 11 signifie un groupe aromatique choisi parmi 
les groupes phenyle et naphtyle, le terme "heteroaryle" signifie un groupe aromatique mono- ou bicyclique, 
chaque cycle, ou noyau, comprenant 5 ou 6 atomes et ledit cycle, ou noyau, ou les deux cycles, ou noyaux, 
comprenant dans leur squelette carbone de 1 a 3 heteroatomes choisis parmi I'azote, I'oxygene et le soufre ; 
le terme "substitue" concemant les termes "aryle, aralkyle, heteroaryle, heteroaralkyle" signrfiant que les grou- 
pes en question sont substitues sur la partie aromatique par un ou plusieurs groupes identiques ou differents 
choisis parmi les groupes : alkyle en C r C a , trifluoromethyle, alcoxy en O^-C^ hydroxyle, nitro, amino, alkyle 
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en CVCg-amino, dialkyle en C r C a -amino, sulfoxyle, sulfonyle, sulfonamide, sulfoalkyle en 0,-Ca, carboxyle, 
carbalcoxyle, carbamide (lesdits groupes aikyle en C r C a pouvant etre lineaires ou ramifies) ou substltues par 
un ou piusieurs atomes d'halogene, les termes "aralkyle inferieur" et "heteraaralkyle inferieur" signifiant phenyl- 
alkyle en C r C a ou naphtyl-alkyle en C r C a et heteroaryl-alkyle en C r C 8 respectivement ; 




n = 0 ou 1 ; 

X + represente le cation d'une base pharmaceutiquement acceptable ; 
Y- represente I'anion d'un acide pharmaceutiquement acceptable ; 
et ieurs sels d'acides ou de bases pharmaceutiquement acceptables ; 

avec les conditions que : 

quand 

R = -CCR^aXCRaR^B avec B = NR 5 R fi ou N + R 5 R 6 R 7 Y- 
et 

X = Ar(R)-Se- avec Ar = phenyie eventuellement substitue, 

alors 

-C(R 1 R 2 ) est different de (CR 3 R 4 ) ; 

et 

quand 

Ar=-phenyle et - . . ; - > . - ■ 

R = -C(R"i R 2 ):C(0)-B avec B = NH 2 ou NHCH 3 ou NHCHgCgHs ou NHC B H 5 
et 

X = Ar(R)-Se-, 

alors R 1 et R 2 ne peuvent pas representer simultanement un groupe methyle. 

Compose d'organoselenium de formule generate (I), salon la revendication 1 , choisi dans le groupe consistant en : 

le diseleniure de di[2-[2 , -(1'-amino-2*-methyl)propyl]phenyle] t 

le dichlorhydrate de diseleniure de dp-^'-O'-amino-Z-m ethyl) propyl]pheny)e], 

le diparatoluenesulfonate de diseleniure de di[2-[2 , -(1'-ammonium-2'-methyl)propy0phenyle], 

le diseleniure de dip-p'^l'-amino^'-methyOpropyl^methoxyjphenyle, 

le diseleniure de di[2-[2 , -{1 , -methylamino-2 , -methyl)propyl]-phenyle] l 

le dichlorhydrate de diseleniure de dip-^-Cr-methylamino^'-methylJpropyOphenyle], 
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le diseieniure de dip-^^fr^irnethylamino-Z-methyOpropyn-phenyle), 

le diparatoluenesuifonate de diseieniure de di[2-[2*-(l -trimethylammonium^-methyOpropyQphenyle], 

le diseieniure de dita-^'-Cr-amin^'-methyOpropylj-a-thienyle], 

le diseieniure de di^-^'-tr'amino-Z^methyOpropylJ-S-thienyfe], 

le seleniure de SKN-acetyi-L-cysteinyO-p-p'^r-arnino^'-methyO-propyOphenyle], 

le seleniure de S-glutathionyl-p-P'-CV-amino-Z-methyO-prapyn-phenyle], 

le bis-4(5)-[2-phenyl-4(5)-seleno-1 H-imidazoleJ, 

le bis-4(5H[2-(4 , -carbomethoxy)phenyQ-4(5)-seleno-1 H-imidazole], 

le bis^SJ-^-^'-carboxyOphenylj^SJ-seleno-IH-imidazole], 

le bis^(5)-[2-[4'^arbo(2 w -(4 M ^methyl-piperazin-r-yl)ethoxyphe 

le bis-S-p-^'-trifluoromemyOphenyO-S-seleno-l-methyl-irnidazole], 

le bis-5-[2-[(4'-carbome^hoxy)phenyI]-5-seleYi^^ 

le bis-S'^-^'^arboxyO-phenyn-S-seteno-l-rnethyl-imidazole]. 

Utilisation de composes d'organoseienium, de formule generate (I), selon la revendication 1 ou 2 f comme antioxy- 
dants, 

destines en particulier a §tre ajoutes a des agents conservateurs de greffes pour la transplantation d'organes 

d'orlgine humaine ou animale comme le coeur, le foie, le rein et les poumons ; 

et 

en particulier pour lafabrication de compositions pharmaceutiques a activite antioxydante, destinees en particulier : 

* aux traitements de toute affection physiopathologique dans laquelle une surproduction d'hydroperoxydes cy- 
totoxiques contribue aux degradations fonctionnelles de cellules ou de tissus ; et comprenant plus 
particulierement : 

* le traitement des pathologies cardio- et cerebrovasculaires infiammatoires et/ou ischemiques, comme !e trai- 
tement preventif et/ou curatif des restenoses arterielles consecutives a une angioplastie, le traitement preventif 
et/ou curatif de stenoses arterielles consecutives a des altogreffes d'arteres, le traitement de la claudication 
intermittente chez des patients affectes d'ischemie obstructive des membres inferieurs, le traitement des ac- 
cidents cerebro-vasculaires d'origine ischemique ; 

* le traitement des pathologies digestives infiammatoires et/ou ischemiques, comme le traitement des inflam- 
mations aigues de I'intestin (maladie de Crohn, rectocolite hemarragique) ; 

* le traitement des pathologies respiratoires infiammatoires et/ou ischemiques, comme le traitement du syndro- 
me de detresse respiratoire aigu de i'adulte (ARDS) et du syndrome de detresse respiratoire du nouveau-ne 
(IRDS) ; 

* le traitement des pathologies ophtalmiques infiammatoires et/ou ischemiques, comme le traitement du 
glaucome ; 

* ie traitement des cataractes ; 

* le traitement des allergies ophtalmiques aigues ; 

* le traitement des degradations de la retine qui sont associees a une degenerescence maculaire ; 

* le traitement des infections virales provoquant une immuno-defictence, comme le traitement du SIDA ; et 

* le traitement des fibroses consecutives a une radiotherapie. 

Utilisation de composes d'organoselenium, de formule generale (I), selon la revendication 1 ou 2, pour la fabrication 

do curnpcsiticns phcrrhacsutjquesTdesn'.'jOCa au trdilcjmcnt : v -. - ..- . " '_ 

* des maladies infiammatoires de I'intestin comme la maladie de Crohn ou la rectocolite hemorragique ; 

* du syndrome de detresse respiratoire aigu de I'adulte et du syndrome de detresse respiratoire du nouveau-ne ; 

* des cataractes ; 

* duSIDA; 

* des fibroses consecutives a une radiotherapie. 

Composition pharmaceutique, ayant notamrnent une activite antioxydante, caracterisee en ce qu'elle comprend, 
comme ingredient actif, au moins un compose d'organoselenium, de formule generate (I), selon la revendication 
1 ou 2, ou I'un de ses sels pharmaceutiquementacceptables d'un acide ou d'une base, incorpores eventuellement 
dans un excipient, support ou vehicule pharmaceutiquement acceptable. 

Composition pharmaceutique selon (a revendication 5, caracterisee en ce que ledit compose d'organoselenium 
de formule generale (I) ci-dessus, eventuellement sous forme de sel, est present en une quantite de 0,1 a 5 % en 
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masse, avantageusement de 0,1 a 1 % en masse, par rapport a la masse totale de la composition. 



10 



40 



"4a 



20 9. 



25 



7. Composition pharmaceutique selon I'une des revendications 5 et 6, caracterisee en ce qu'elle est sous forme d'une 
dose unitaire comprenant de 1 a 500 mg d'au moins un compose d'organoselenium de formule generale (I). 

8. Composition pharmaceutique selon Tune quelconque des revendications 5 a 7, caracterisee en ce qu'il s'agit d'une 
composition pharmaceutique pour le traitement de toute affection physiopathoiogique dans laqueile une surpro- 
duction d'hydroperoxydes cytotoxiques contribue aux degradations fonctionnelles de cellules ou de tissus ; cette 
surproduction d'hydroperoxydes pouvant etre due : 

a I'activation des voies metaboliques intracellulaires comme celles des flavineou cytochrome P-450 oxyge- 
nases, celles des lipoxygenases et celles des monoamine oxydases ; 

a I'activation d'enzymes contenues dans des cellules endothelials (xanthine oxydase, 15-lipoxygenase) ou 
dans les plaquettes sanguines (cyclooxygenase et 12-lipoxygenase) ; 

a I'activation, par des cytokines comme TNF-a, de cellules inflammatoires et/ou immunitaires comme les neu- 
trophiles, les macrophages ou les lymphocytes ; 

a une intoxication par un agent xenoblatique produisant des radicaux libres ; 

a une irradiation volontalre, parexemple pratiquee pendant une radiotherapie, ou une irradiation accidentelle. 

Composition pharmaceutique selon I'une quelconque des revendications .5 a 6, caracterisee en ce qu'il s'agit d'une 
composition pharmaceutique pour le traitement de toute affection physiopathoiogique dans laqueile une surpro- 
duction d'hydroperoxydes cytotoxiques contribue aux degradations fonctionnelles de cellules ou de tissus ; et plus 
particulierement : 

* pour ie traitement des pathologies cardio- et cerebro-vasculaires inflammatoires et/ou ischemiques, comme 
le traitement preventif et/ou curatif des restenoses arterielles consecutives a une angioplastie, le traitement 
preventif et/ou curatif de stenoses arterielles consecutives a des aliogreffes d'arteres, le traitement de (a clau- 
dication intermittente chez des patients affectes d'ischemie obstructive des membres inferieurs, le traitement 
des accidents cerebro-vasculaires d'origine ischemique ; 

jo * pour ie traitement des pathologies digestives inflammatoires et/ou ischemiques, comme le traitement des 

inflammations aigues de Pintestin (maladie de Crohn, rectocolite hemorragique) ; 

* pour le traitement des pathologies respiratoires inflammatoires et/ou ischemiques, comme le traitement du 
syndrome de detresse respiratoire aigu de Padulte (ARD5) et du syndrome de detresse respiratoire du nou- 
veau-ne (IRDS) ; 

35 * pour le traitement des pathologies ophtalmiques inflammatoires et/ou ischemiques, comme le traitement du 

glaucome ; 

* pour ie traitement des cataractes ; 

* pour le traitement des allergies ophtalmiques aigues ; 

* pour Ie traitement des degradations de la retine qui sont associees a une degenerescence maculaire ; 

* pour le traitement des infections virales provoquant une immuno-deficience, comme le traitement du SI DA ; et 

* pour le traitement des fibroses consecutives a une radiotherapie. 

10. Procede de preparation de composes d'organoselenium selon la revendication 1 ou 2, de formule generale (I), ou 
" R r =--C(R 1 K 2 )-A-B-(R'5s K) ; caractense eivce qu'il com T :*"' 

a/ preparation ou utilisation d'un derive d'orthohalogeno(hetero)arylacetonitrile, eventuellement mono- ou 
gem-disubstitue dans la position benzylique ; puis, selon la serie consideree : 

pour la preparation desdits composes de formule (I) ou A = (CRqR^ avec n = 0 (A n'existe pas) : 

50 

b1/ hydro lyse dudit derive nitrile en un derive amide, 

d-1/ transformation de celui-ci en un derive amine par une reaction de transposition selon des pro- 
cedes conventionnels, 

d1-l/ reaction dudit derive amine avec un derive nucleophile du selenium, produit eventuellement in 
ss situ, en presence d'un sel de cuivre Cu(l) dans un solvent organique polaire, pour conduire au derive 

(hetero)aryfisoselenazoiine correspondant, 

et-1/ eventuellement, N-alky!ation ou N-arylation ou N-acylation ou N-sulfonylation, selon des proto- 
coles conventionnels, dudit derivB (hetero)arylisoselenazoline ; 
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pour ia preparation desdits composes de formule (I) ou A 3 CO : 
b1/ hydroiyse dudit derive nitrile en un derive amide, 

d-2/ reaction dudit derive amide avec un derive nucleophile du selenium, produit eventuellement /n 
situ, en presence d'un sel de cuivre Cu(l), dans un solvant organique polaire, pour conduire au derive 
(hetero)aryiisoselenazone correspondant, 

d1-2/ eventuellement, N-alkylation ou N-arylation ou N-acylation ou N-suffonylation, dudit derive (he- 
tero)aryiisbsel6nazone; 

pour la preparation desdits composes de formule (I) ou A = CH2 : 

b2/ reduction dudit derive nitrile en un derive amine, a I'aide de borane par exemple dans un solvant 
ethere com me le teirahydrofurane par exemple, 

c2/ reaction dudit derive amine avec un derive nucleophile du selenium, produit eventuellement in 
situ, en presence d'un sei de cuivre Cu(l), dans un solvant organique polaire, pour conduire au derive 
(hetero)arylisoselenazine correspondant, 

62/ eventuellement, N-alkylation ou N-arylation bu N-acylation ou N-sulfbnylation, seion des proto- 
coles conventionnels, dudit derive (hetero)arylisoselenazine ; 

pour la preparation desdits composes de formule (I) ou A = (CR 3 R 4 ) CH 2 ); 

b3/ mise en oeuvre d'une mono- ou d'une bis-C-alkylation dudit derive nitrile selon des precedes 
conventionnels, a I'aide d'un derive d'organolithium par exemple dans un solvant Sthere comme le 
tetrahydrofurane ; 

c3/ reaction du deriv6 amine obtenu avec un derive nucleophile du selenium, produit eventuellement 
in situ, en presence d'un sei de cuivre Cu(l), dans un solvant organique polaire, pour conduire au 
derive (hetero)arylisoselenazine correspondant ; 

d3/ eventuellement N-alkylation ou N-arylation ou N-acylation ou N-suIfonylation, selon des protoco- 
Ies conventionnels, dudit deriv§ (hetero)aryiisoselenazine correspondant; 

b/ reduction, dans un solvant polaire comme le methanol, du compose cycllque obtenu, selon Tune quelconque 
des voies de synthese ci-dessus, a I'aide d'un hydrure metallique, comme le borohydrure de sodium, interve- 
nant en une quantite correspondant a un demi equivalent reducteur ; pour ia preparation desdits composes 
de formule (I) ou X = Ar(R)-Se~ ; 
ou 

reaction dudit compose cyclique obtenu selon I'une quelconque des voies de synthese ci-dessus, a ia 
temperature ambiante, avec le compose thiol correspondant aux valeurs de X* Ar(R)-Se-, pouria preparation 
desdits composes de formule (I) ou X* Ar(R)-Se-. 

Procede de preparation de composes d'organoselenium selon la revendication 1 ou 2, de formule generale (I) ou 
R = H ; e'est-a-dire de formule generale (II) ci-dessous : 




R 8 

caracterise en ce qu'il comprend les etapes essentielles suivantes : 
a/ preparation ou utilisation d'un derive de formule (III) ; 
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/=\ 



N ^ - Z OH); 



N-alkyle, N-aryle, N-acy!e ou N-sulfonyle quand Z = NR 5 ; puis, selon la serie consideree : 

- pour la preparation desdits composes diseleniures de formule (II) ou Rfl = hydrogene : 

b1/ reaction dudit derive de formule (111) avec un derive electrophile du selenium, dans un solvant non 
polaire ; 

d/ si necessaire, desacylation ou desulfonyiation. selon des protocoles courants, du compose 
obtenu ; . 

- pour la preparation desdits composes diseleniures de formula (II) ou = alkyle inferieur, aralkyle inferieur 
eventuellement substitue, heteroaralkyle inferieur eventuellement substitue : 

b2/ alkylation dudit derive de formule (III) en position 2 par traitement tout d'abord avec une base 
d'organolithium comme !e diisopropylamidure de lithium, puis avec un halogenure, notamment un 
lodure d'alkyle inferieur, d'araikyle inferieur eventuellement substitue ou d'heteroaralkyle inferieur 
eventuellement substitue ; 

c2/ reaction dudit derive alkyle avec un derive electrophile du selenium, dans un solvant non pofaire ; 
d2/ si necessaire, desacylation ou desulfonyiation, selon des protocoles courants du compost 
obtenu; 



- pour la preparation desdits composes diseleniures de formuie (II) ou Rg - aryle eventuellement substitue 
heteroaryle eventuellement substitue : 

b3/ traitement dudit derive de formule (III), dans un solvant organique non polaire, en presence d'une 
base force, avec un halogenure de triaikyletain ou un halogenure de zinc pour obtenir !e derive stannyle 
ou de zinc correspondant, puis traitement dudit derive stannyle ou dezinc avec un derive haiogenoa- 
romatique, en presence de palladium, dans un solvant organique non polaire ; 
c3/ reaction du compose obtenu avec un derive electrophile du selenium, dans un solvant non polaire ; 
d3/ si necessaire, desacylation ou desulfonyiation, selon des protocoles courants, du compost 
obtenu ; r 

b/ si necessaire, reaction dudit compose diseleniure obtenu selon I'une quelconque des voies de synthese ci- 
dessus, dans un solvant polaire, avec un mercaptan adequat ; pour obtenir ie compose selenosulfure corres- 
pondant 
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Figure 1 
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TNF-a + BXT-51038 (5 pM) 
Oimn TNF-a + BXT-51079 (5 jjM) 
TNF-a + BXT -511 0 4 (S pM) " 
TNF-a + BXT-51108 (5 |jM) 
ESS3 TNF-a + BXT-51 125 (5 |jM) 
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figure 2 
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Figure 3 




i i Control 

wmm TNF-a (1 ng/mi) 

TNF-a + BXT-51 038 (5pM) 
nTtrrft TNF-a + BXT-51 079 (5 pM) 

TNF-a + BXT-51 1 04 (5 \M) 
FFF=H TNF-a + BXT-51 108 (5 \M) 
rsrnn TNF-a + BXT-51 1 25 (5 pM) 
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